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Executive Summary

Chapter 1
An Empirical Analysis of the Effects of EPA

1.

| nspections on the Pulp and Paper |ndustry

EPA' S regul ations are anong the nost far reaching policies
in the risk and environnental field, but there have been
few, if any, statistical attenpts to analyze the effective-
ness of EPA enforcenent policies. This chapter reports on
a pilot empirical study of the agency's enforcenent

activities.

The primary purpose of this initial phase of the enpirical
study was to access EPA's PCS data base and to reformat the
data in a manner that allows for analysis of enforcenent
effects upon discharge levels. This task was successfully
conpleted, but it required nmost of the effort devoted to the
enpirical portion of Project Period One because the data

base was so difficult to use.

W also began the task of analyzing the effects of EPA
enforcenent activities on reductions in pollutant discharges
I nto surroundi ng waterways by pul p and paper plants. Be-
cause the only enforcement actions wth relatively conplete
data in the PCS data base are plant inspections of BOD
standards, we limted our attention to the effects of

inspections on BCD discharges, leaving the analysis of other



enforcenent actions, such as admnistrative orders and

warning letters, to a subsequent study.

The second purpose of the pilot enpirical study was to

anal yze the data extensively enough to determ ne whether
EPA inspections, and the associated followup activities,
did result in subsequent reductions in the discharge of BCD
by inspected pulp and paper plants. W successfully denon-
strated that EPA inspections do lead to effluent reductions,
thus providing a strong justification to study the EPA
enforcement process in nuch nore detail in a subsequent

st udy.

The initial analysis in this study indicates that pulp and
paper plants found to be significantly out of conpliance
reduce their BCD discharge levels by an average of over 30
percent in the first six nmonths after an inspection. Not
surprisingly, sources in conpliance and sources not as
seriously out of conpliance reduce their discharge |evels
less in response to an inspection. The initial analysis
yiel ded mxed results about whether the discharge reductions
are larger after the first six nonths follow ng an
inspection or not, and subsequent work using alternative
and nore conplex nodels will be needed to resolve this

| ssue.



Regression analysis of the data suggests significant
differences in the effectiveness of inspections across EPA
regions. Because of their policy significance, this initial
result justifies further exploration of the magnitudes of
these differences and the reasons why they occur. The re-
gression anal yses showed no systematic increase or decrease
in the effectiveness of inspections over the 1982-1985 study

peri od.

The next step in the analysis of the data will be to build
an econonetric nodel of the enforcenent process that de-
scribes both how inspections are scheduled and how those
inspections affect the sources' effluent discharge Ievels.
Estimates derived from this model wll describe the re-

| ationship between inspections scheduled and factors such
as previous discharge measurenents, the failure of a
source to submt Daily Mnitoring Reports, the extent of
non- conpliance, and previous admnistrative actions. W
also plan to examne how the estimates from the nodel vary
across regions, by types of plants, over calendar tinme, by
whether the inspections were state-run or carried out by

EPA, and by the type of inspection.



Chapter 2

Review of the Literature on the Enforcenent of EPA Standards.

1.

The literature on the enforcement of EPA standards is in
these areas: (i) effluent changes and standards; (ii) optinal
enforcenment of regulations; and (iii) permts, |icenses, and

rel ated policies.

Al though illustrative EPA data are often provided, there has
been no detailed enpirical analysis of EPA enforcenent

policies and their role of EPA penalties. The literature is
dom nated by what mght be terned applied conceptual analyses

of economc externality problens.

The marginal benefit-marginal cost principles for setting
efficient standards can be replicated by setting an
appropriate penalty related to the margi nal costs generated

by pollution.

These principles have been refined to take into account
uncertainty and the inpact of standards on technol ogi cal

i nnovat i on.

The literature on the conceptual basis for enforcing EPA
regul ations |ikew se has a standard orientation, whereas the
[iterature on permts and licenses is concerned not only with
the amount of pollution but with the role of pollution

pricing in setting optimal |evels of pollution. A nissing



link in the literature is the role of EPA penalties within

the context of a standards enforcement program

6. A practical barrier to penalty schemes based on the extent of
nonconpl i ance as conpared with enforcement of standards that
must ascertain whether or not a firmis in conpliance is that

the informational requirenments nmay be greater.

Chapter 3

Procedures for Setting Optinal Penalties for Environnental

Requl at i on

1. EPA enforcement sanctions range in stringency from telephone
calls and letters to civil court cases that can lead to civil

and crimnal sanctions.

2. EPA's neasure of the economc gains to the firm from
nonconpliance (or what EPA calls a "benefits" measure) is the
principal penalty approach under the Uniform Gvil Penalty

Pol i cy.

3. Compliance with EPA air and water pollution regulations
appears to be relatively high, but these results are based on
self-reported conpliance status and neglect the potentially

large infractions by those out of conpliance.



EPA has less control over assessed penalties than do agencies
such as OSHA.  For exanple, under the Federal Water Pollution
Control Act Anendments EPA can influence penalty Ilevels
through its settlenent actions and its proposals for court

i nposed penalties. Under the Clean Air Act EPA has nore

authority to inpose penalties admnistratively.

EPA has the leeway to incorporate both the pollution costs to
society and the economc gains to the firm from non-
conpliance when setting or proposing penalties under the
FWPCA. Both factors appear in the published Penalty Policy
for water pollution violations, and for air pollution
violations the only major constraint is that EPA must inpose
penalties at least as large as the economc gains to the firm

from non-conpliance.

The setting of EPA penalties is conplicated by the inability
to nonitor with precision the firms conpliance status, the
benefits to society of pollution reduction, and the cost

savings to the firm from nonconpliance.

|f standards are set at a level where marginal benefits are
bel ow marginal costs--an approach that EPA appears to have
adopted and which the report concludes nmay be desirable in
situations of regulatory uncertainty--then EPA's benefits-of-

nonconpl i ance approach wll achieve the desired pollution



control at less cost than any penalty schedule based on a

constant price per unit of pollution.

By coupling an overly stringent standard with efficient
penalties based on the marginal benefits to society of
pollution control, then EPA can hedge against the risk that
the standard should be tightened and pronote efficient Ievels

of pollution control.

The relative desirability of using penalties based on the
economc gains to the firm from nonconpliance as conpared
with the benefits to society of pollution control hinges on
whether EPA's policy objective is full conpliance with stated
standards or efficient degrees of nonconpliance. Since the
| evel of the standard to be set can differ for the two
approaches, the issue is not whether EPA wi shes to take a
strict pollution control policy but how it wshes to approach

the pollution control issue.

Chapter 4
The Appropriate Regulation of Involuntary and H dden R sks

1.

Many of the risks regulated by EPA are hidden and/or
involuntary risks for which there is no explicit or inplicit

conpensation to the party bearing their risk.

I ndividual s bearing risks involuntarily wll value the
wel fare loss inposed by the risk by nore than those who

choose to bear the risk voluntarily since (i) the mx of



peopl e who self-select into risky pursuits is different and
(ii) the absence of a transaction and conpensation for the

risk may be consequential.

Several concepts for appropriate conpensation of victins of
involuntary risks can be distinguished: (i) the torts concept
of making the victimwhole; (ii) providing an efficient |evel
of insurance: and (iii) making the victimwhole in ternms of

[ifetime risk.

Risks that are hidden tend to be associated with both
involuntary inposition and difficult enforcement problens

stemmng from their clandestine nature.

QG her things being equal, involuntary risks will not only be

associated with a larger-gap between their observed |evel and
their optimal level, but the optimal risk level wll be |ower
as wel |. EPA should regulate involuntary risks nore

stringently.



Chapter One

An Enpirical Analysis of the Effects of

EPA I nspections on the Pul p and Paper Industry

by
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and
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. Introduction

Despite the existence of a sizable literature on the
enforcenent of environnental regulations, there have been few, if
any statistical attenpts to analyze the effectiveness of EPA
enforcement policies. This failure to provide an enpirical
assessment of EPA's regulatory inpacts is particularly striking
in view of the burgeoning literature on the effects of auto
safety regulation, product safety regulation, and occupational
safety and health standards.1 This conparative inattention to
the effects of EPA policies does not stem from any lack of policy
i mportance of EPA efforts. Indeed, by alnmost any standard EPA
regul ations are anong the nost potentially consequential policies
in the risk and environmental field.

The potential efficacy of these regulations has not,
however, been subjected to systematic scrutiny. There are, of
course, occasional studies that point to crude baroneters of
success, such as changes in air quality levels, but the link of
these broad neasures of environnental quality to regulatory

policy has never been nmade. In some cases there have even been

[See, for exanple Sam Peltzman, "The Effects of Autonobile
Saf et Regulat|on Journal of Political Economy,” Vol. 83(1975),

%ﬂ Kip Viscusi, Regulating Consumer Product Safet
shln ton Amer i can Enterﬁ?%§E_?Ti%"?‘?‘“‘“f§§§;€“§ﬁﬂfﬁN Kfp
V'scus| Risk by Choice: Regqulating Health and Safety in the

Wor kpl ace (Canbridge; Harvard University Press, 1983).




maj or challenges to the neaningfulness of the air quality data
I tself.

It is this relative inadequacy in environnental data that
perhaps nost accounts for the lack of research attention devoted
to EPA's inpact. Data quality problems differ, however, by
program type. In the water quality area, which we selected for
our study, the underlying pollution measurement data are
reasonably accurate, but the structure of the environnenta
I npact data is quite conplex. There is, for exanple, no
environnental analog of the data on the rate of |ost workday
accidents by industry published by the US. Bureau of Labor
Statistics. Environnental pollutants are multiple and cannot be
readily subsumed into a single aggregate neasure. Any nmeaningful
enpirical assessnent consequently nust be at a fine level of
enpirical detail.

To achieve this refinenent, we structured the scope of our
enpirical study quite specifically. In particular, we
constructed a set of data on discharge from pul p and paper plants
into surrounding water bodies and the EPA inspections for those
plants. The focus of our analysis was to assess the relationship
between inspections and subsequent reductions in pollution
discharge levels. Besides examning the magnitudes of the
effects, we are also interested in finding the time pattern of
the lagged effects and the variation in effectiveness of
I nspections across EPA regions so as to provide neasures of the

relative efficacy of different EPA policies.



After considering several environnental nedia, we decided to
focus the study on water pollution enforcement actions. wile
EPA maintains records of plant inspections for air pollution
regulations, only for water is it possible to find a conplete get
of discharge neasurements that can be directly linked to
inspections by plants. Water is an inportant environnenta
asset, and much conpliance effort has been devoted to water
pol lution regulations over a long period of tine, making it
inportant to resolve the relationship between inspections and
pol lution reduction for this particular case.

The study considers enforcement actions directed at the pulp
and paper industry. This large industry contains several hundred
separate sources of water pollution discharges |ocated in seven
out of the ten EPA regions. Because the discharges from the pulp
and paper industry have long created serious and highly visible
pol lution problenms, this industry has been a major focus of EPA
enforcenent efforts. Wile we analyze only one industry in this
initial study, there is no reason to suspect that the
rel ationship between EPA water pollution inspections and
conpliance is fundamentally different in nost other industries.
The concentration on one industry also avoids the problem of
controlling for differences across industries in the stringency
of regulations and differences in technol ogy across broad
I ndustry groups.

The organic pollutant, Biological Oxygen Demand (BQD),
constitutes the nost inportant traditional pollutant in the pulp

and paper industry, and has been the prine focus of EPA



regul atory efforts.”? Also, inspections alnost always exanine
BOD levels, as well as test for other poIIutants.3 The abat enent
technol ogies used to control BOD discharges tend to reduce the
|l evel s of other pollutants as well, suggesting that BOD is the
best single indicator pollutant to serve as a proxy for the
rel ationship between inspections and the decrease in all
pol lutant levels. As a result, the enpirical analysis reported
below will focus on the effect of EPA inspections on BOD |evels.
It should be enphasized, however, the results presented
below are only prelimnary. The funding for this portion of the
project recognized its exploratory nature. Qur objective for
Project Period One was to construct an enforcenent data base and
to ascertain whether fruitful analysis with the data was
possible. W have done this, but we have by no means conpl eted

such anal ysi s.
II.  The Data Set

Mst of the data for the analysis cane from EPA's PCS data
set, an extremely large data set collected to assist wth
monitoring and enforcement efforts for the water pollution rules.
Al sources are required to report their discharge levels on a
monthly basis. Central nanagenent at EPA assesses the regional

inspection efforts on the data which the regions enter in this

BOD is the standard neasure of the organic pollutant
content of water.

SMost of the inspections listed in the PCS data base
described bel ow designated BCD as the prinary pollutant being
examned in the inspection,



data base. Unfortunately, the data on the other enforcenent,
efforts, such as warning letters and admnistrative orders, are
i nconpl ete because the regions lack the incentives to regularly
enter themin the data base. For this reason, in this pilot
phase of the study we narrowed our attention to inspections,
while leaving for subsequent work the collection of data on the
ot her enforcenent actions and the analysis of their effects on
di scharge |evels.

Figure 1.1 lists the nine files contained in the PCS data
base. Qur analysis makes nost use of the Measurenents File and
the Inspections File. W examne 137 different sources of
pol lution located in six of the ten EPA regions.® The firms are
divided into six different four-digit SIC code categories which
represent refined conponents of the pulp and paper industry (SIC
code 26). In this study we do not differentiate between the
effects of different types of inspections, other than to
di stingui sh between those carried out by EPA and those done by
state enforcement agencies. In subsequent work, we plan to
anal yze the separate effects of the two main types of EPA
i nspections, conpliance sanpling inspections and conpliance
eval uation inspections. Conpliance sanpling inspections
generally require about 30 workdays of tinme, while in contrast
the less extensive conpliance evaluation inspections take only
about 3 workdays. O the 276 inspections from 1982-1985 in the

‘Regions 7,8, and 9 contain no pulp and paper mlls. For
reasons we do not yet fully_understand, the Region 2 inspections
data are mssing fromthe file for the years 1982 through 1985.



data base, 42.75 percent are conpliance sanpling and 57. 25
percent are conpliance eval uation.

Al t hough sonme of the data for sone of the regions are for
years as far back as 1977, we focus on the 1982-1985 period, with
the |l ast measurenent entered on March 31, 1985. During this tine
data was being regularly reported by nost regions, and the water
pollution rules for the pulp and paper industry did not change.
However, there was significant change in the vigor of EPA
enforcenment efforts over this tine period, which we did take into
account in our subsequent enpirical analysis.

Wiile we found the PCS data base to be a rich and useful
data source, it presented substantial programmng difficulties.
The data are stored in a conpact and efficient nmanner, but their
format makes retrieval for analysis quite difficult. Despite the
fact that this study considers only one industry, it was
necessary to extract the relevant information about it from each
of the tapes due to the organization of the data base outlined in
Figure 1.1. Unfortunately, Ilinking data across files required us
to be extrenely careful and the task was conplex. An added
difficulty was that data observations are organi zed by nonthly
measurenents, rather than by the source of the discharge. For
pur poses of analyzing the reductions in discharges after
i nspection by source we needed to average the neasurenments for
each source within a period, as described in the next section
In summary, the use of the PCS data base required extensive data

mani pul ation in order to reformat it into usable files, and this



task occupied nost of the attention devoted to the enpirical
portion of this study.
Besides the data in the PCS files, we extracted additional

data about pulp and paper firms from Lockwood's Directory. In

particular, we used this supplemental data source to find a
measure of the capacity of the plants that we will use in
subsequent analysis. EPA's GAGE file and the Industrial
Facilities Discharge file allowed us to add to our data base
measures of the nean and low flow levels of the rivers into which

pulp and paper mlls discharged their effluents.

I1l. Research Tasks and Enpirical Results

Qur primary research task in Project Period One was to
access the PCS data base and to reformat the data in a nanner
that allows for analysis of enforcement effects upon discharges
levels. Although the structure of the data base nmade this task
quite difficult, it has been successfully conpleted. In
addition, our other research task was to answer the question of
whet her EPA inspections, and the associated followup activities
(e.g., admnistrative orders and warning letters), resulted in
subsequent reductions in the discharge of BOD by the inspected
sources. In denonstrating an affirmative answer to this question
that reveals a sizable effect of the inspections, we provide
strong justification to study the EPA enforcement process in nore
detail in a subsequent study. W wll address this fundanental
question through two types of analysis. Section A calculates

differences in BOD discharge levels before and after inspections,



while Section B takes a regression approach to explaining those

differences in discharge |evels.

A Difference Calculations

Table 1.1 presents the nmean differences between BCD
discharge levels before and after inspections for all pulp and
paper source measurenents falling into three categories: (i)
measurenents O-6 nonths after an inspections; (ii) measurenents
7-12 months after their last inspection; and (iii) 13-18 nonth
measurenents. In principle, all sources are required to report
their discharge levels nmonthly, but in practice there are often
nonths with mssing reports in the data base. Usually, this
mssing data occurred because the sources failed to report their
discharge levels, rather than the failure of the regions to enter
the reported neasurenents into the data base. There is
consequently a self-selection bias affecting the distribution of
firms across the report categories. Firns that fail to file
regular reports will differ from those that do.

For sources with nore than one neasurement in a six-nonth
period, we averaged the measurenents over the period in order
that, for each inspection, each source have associated with it
only one neasurenent for purposes of calculating the mean across
sources. As well, for any row in the table, such as the first O
6 lag period row, sources with nore than one inspection during

the 1982-1985 study period contribute one observation for each
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Inspection that was followed within six nonths by discharge
measur enents. °

In addition, because the Inspections File often contains
mssing entries for the neasurenent variable, we were forced to
approxi mate the neasurenent at the tine of the inspection by the
measurenent in the Measurenents File immediately prior to the
inspection date. The nean difference in Table 1.1 then neasures
the nean (across all sources with at |east one neasurenent in the
| agged post-inspection period) of the difference between the
measurement just prior to the inspection and the average
neasurenment during the lagged period. Negative values indicate
reductions in BOD discharge |evels as a consequence of the
inspection and all followup activity.

This last qualification is inportant because the firms
reacted both to the inspection and to any subsequent actions,
such as admnistrative orders, telephone calls, and warning
letters. In future work we plan to seek alternative sources of
data on these other enforcenent action, besides inspections, and
separate their effects on discharge reduction from the effect of
the inspection per se. Note that the sanple sizes (N decrease

as the lagged period increases in length, primarily due to the

°In our proposed followup study we will estimate the inpact
on the effectiveness of an inspection of ether. or not it
closely followed a previous inspection. so, in the subsequent
study we plan to organize the measurenents on the basis of .
average. neasurements within three-nonth calendar quarters, which
are conmon to all sources, rather than taking the neasurenent
averages over six-month periods defined by each source's date of
I nspection.
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fact many sources are reinspected within a year or 18 nonths of
the last inspection

The mean difference results in colum two present an jnitial
picture of the effectiveness of the pulp and paper inspections.
Note that the data pertain to different numbers of sources in
different lag periods, and they apply to inspections of sources
which range from being in conpliance to those designated as in a
state of significant non-conpliance. Subsequent tables will
address the influence of these two characteristics on the results
reported in Table 1.1. The results in Table 1.1 show a pattern
of increasing effectiveness of the inspections through 18 nonths
Averaged across conplying and non-conpliance sources, there
appears to be little effect in the first six nonths. Although
this result could be explained by the need for nore than half a
year to install the capital equipment required to bring the
source into conpliance, as well as to inplenent the operating
changes that also contribute to the lower effluent discharge
level s, the results in the first row of Table 1.3 will point to
anot her explanation, nanely, that the sizable effects of
I nspections on significantly non-complying firms are masked by
averaging them with the effects on sources either in conpliance
or non-significantly out of conpliance. Over the 7 to 12 nonth
period inspections result in an average of a five and one-half
percent decline in discharges, and by the end of 18 nonths the
effluent reduction level for all inspected sources averages seven
percent.
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In order to further clarify the picture of inspection
effects drawn by Table 1.1, we recalculated the statistics in the
first three rows of the table restricting attention to those 50
source/ i nspection conbinations followed by at |east 18 nonths
wi thout a subsequent inspection (and with neasurements every half
year following the inspection). For those SO source/inspection
cormbi nations, again with sone inspections finding conditions of
significant non-conpliance and other finding |esser non-
conpliance or full conpliance, the time pattern of effects, as
well as the magnitude of the effects of inspections, differs from
that suggested in Table 1.1. After 6 nonths these sources
reduced their discharge |evels about eight percent, after 12
months their discharge |evels had been reduced by an average of
over sixteen percent, and after 18 nonths the discharge reduction
averaged ten and one-half percent.

Gven that this sanple of sources ranges from those fully in
conpliance at the time of inspection to those which were far out
of conpliance with their permtted discharge l|evels, these
results suggest that inspections and subsequent follow up
activities lead to sizable reductions in discharge levels for
those sources found to be out of conpliance% There appears to be
more effect after 12 nonths than after 6 nonths, perhaps because
sources have had nore tine to make capital inprovenents in
abat enent equipment. Yet even within 6 nonths the inspections
seem to have produced an immediate effect upon conpliance. The
fact that the average discharge reduction level is less after 18

months than after 12 nonths nmay have been caused by the sources'
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decisions to ease up on control activities because they had not
been inspected in over a year and were feeling |ess pressure to
conply, although the difference between the 12-nonth and 18-nonth
means could easily be explained by random fluctuations in
measur enent s.
Wiile Table 1.2 provides an adjustnent for the potentia
sel ection bias problem in conmparing the neans across rows in
Table 1.1 (due to different sanples of sources being conpared),
It does not distinguish the effects of inspections on non-
conplying firms from the effects of inspections on conplying
firm. At the expense of further reducing the sanple size, Table
1.3 directly addresses this latter issue. It provides the
anal ogous statistics to Table 1.1, but restricted to the sources
in significant non-conpliance at the tine of their inspections.
The nost inportant statistic in this table is the 36 percent
mean reduction in discharge |evels shown to have occurred wthin
6 nmonths of inspections for significantly non-conplying firns.
For these sources an inspection leads to a large reduction in
di scharges very quickly. The nean percentage reductions |evels
in the second and third rows of Table 1.3 are nore difficult to
interpret, both because the sanple sizes are so |ow and because
the sanple conposition varies across the three rows of the table.
There is sone evidence that if sources significantly out of
conpliance are not reinspected within a year of their initia
inspection, they tend to revert to former patterns of non-
conpliance, although this conclusion is highly speculative and
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needs to be examned in nore detail in our future work with

alternative and nmore conplete nodels of the enforcement process.

B. Regression Equations

W used regression analysis as an alternative approach to
measuring the effects of EPA inspections, and their associated
enforcenment actions, on effluent discharge levels. The dependent
variable in the three equations in Table 1.4 again is the
difference in BOD discharge levels before and after inspections
for all significantly non-conplying sources with up to an 18-
month |ag between inspections and subsequent measurements. For
sources wWith nore than one neasurement, the measurenents
differences were averaged to yield one observation per source for
each lag period follow ng each inspection.

The explanatory variables, LAG/-12 and LAGL2-18, are dummy
vari abl es which take the value one when the lagged period for the
source was 7 to 12 nonths or 13 to 18 nonths, respectively.

Their coefficients neasure the difference between the reductions
in two |agged periods conpared with the reductions in the 0 to 6
months period. The TIME variable neasures the nunber of days
between January 1, 1982 and the date that the source's inspection
occurred. By including this variable in one of the regression
equations, we are able to test whether the inspections becanme
systematically nore (or less) effective over time during the
1982- 1985, independent of the length of the lag between the
Inspection and the neasurements. The REG ON3, REG ON4, REG ONg,
and REG ON10 dunmy variables take the value of one when the
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source is located in one of those regions, and zero otherw se.
Region 1 was chosen as the hol d-out region, neaning that the
coefficients of the four REGON dummy variables neasure the
effectiveness of inspections in each of the four regions relative
to the effectiveness of an inspection in Region 1.°

Equation 1 reinforces the results in Table 1.3, showing a
large effect of inspections within the-first six nonths and
| esser effects after longer periods of time have el apsed.

Equation 2 tests whether the effectiveness of inspections varied
over the study period. The low t-statistic indicates no
significant changes in effectiveness of inspections over the 1982
to 1985 period. In another equation (not reported) we added a
time-squared variable to allow for non-linear effects of tine,

but again found no significant effect.

The third equation provides an exanple of how the data can
be used to measure the difference in effectiveness of inspections
in different regions. These results should be regarded as very
prelimnary given the exploratory nature of the analysis
Al though the analysis of this issue is still at an exploratory
state, the coefficients of the REG ON variables in equation 3
indicate that inspections of significantly non-conplying firns in
Region 6 are nost effective of the five regions in the sanple,
and that Region |'s inspections are the |east effective ones.

The point estimate indicates that Region 6 inspections produce

FThere_are no inspections of sources in significant non-
conpliance in Region 5 during the 1982-1985 period, although this
region did carry out nmany inspections of pulp and paper firns
which were either |n_conPI|ance or not far enough out of
conpliance to be designated as significantly out of conpliance
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di scharge reductions which are 90 percent |ower than the
di scharge reductions subsequent to inspections in Region 1.
These coefficients, while highly tentative, suggest that there
are significant differences in the effectiveness of inspections
across regions, and they illustrate the benefits of continued
anal ysis of the data base to determne more precisely how the
effectiveness of regions differ and why they differ.’

Wiile we have data on the 4-digit SIC code of each source's
i ndustry subcategory, whether the inspection was carried out by
the state or by the federal EPA, and the capacity level of the
plants, there are not enough degrees of freedomin the data base
on significantly non-conplying firms to allow nore refined
analysis of the effects on inspection effectiveness of these
three variables. In subsequent work we plan to nodel the
enforcenent process in a way that increases the sanple size of
observations enough to allow explorations of the effects of
source characteristics, such as product or process differences
(SIC code), production capacity, and whether the inspection was

carried out by the state or EPA
V. Conclusions and Further Research

This pilot enpirical project has acconplished its two major

tasks. First, the PCS data base has been rearranged into a form

_ 'For exanple, it may be that for an identical plant the

I nspections in Regions 1 and 6 lead to the sane reduction in

di scharges, but plants in Region 1 differ in size or in the type
product produced fromthose in Region 6. Aternatively, one
region may conduct fewer inspections than another region, but
each of its inspections is nore effective.
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that is anenable to statistical analysis of the enforcenent
process.  Second, the initial results based on the data base
indicate that the EPA inspections process did cause significant
reductions in BCD discharge levels during 1982-1985 period in the
pul p and paper industry. These results now justify nore refined
analysis of the enforcenent process of several types.

Qur next step will be to build an econonetric nodel of the
process that describes how both inspections are scheduled and how
those inspections affect the sources' effluent discharge |evels.
The data will be used to reveal the relationship between
I nspections scheduled and factors such as previous discharge
measurenents, failure of a source to submt Daily Mnitoring
Reports, the extent of non-conpliance, and previous
admnistrative actions. W also plan to exanine how these
rel ationships vary across regions, types of plants, calendar time
trends, and enforcement organization (i.e., state or federa
EPA). This model will allow us to include sources in the
analysis for any given period which both were and were not
inspected, in contrast to the approach taken in this study which
focuses on only inspected sources.

The nodel will also allow us to sort out the relative
effectiveness of different types of inspections, such as
conpliance sampling inspections and conpliance eval uation
Inspections, as well as to explain when the agency decides to use
one type of inspection rather than the other one.

Because the Inspections File lists only the primary

pol lutant examned in the inspections for, and this was usually
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BCD in the pulp and paper industry, we focused our attention on
this pollutant. In subsequent work we plan to link Tota
Suspended Solids (TSS) neasurenents to the Inspections File,
which will enable us to carry out a simlar analysis of this
second inportant pollutant in the industry.

W also plan to examne the effects on conpliance of other
enforcement variables besides inspections. As explained earlier
in the chapter, the only conplete enforcenent data in the PCS
data base is on inspections. By manually searching through
Quarterly Non-Conpliance Reports we will be able to identify
other state actions, and by matching the GREATS data base to the
PCS data base we will be able to add admnistrative orders to our
file for analysis.

Finally, after conpleting the further analysis outlined
above, it would be useful in future project periods to replicate
the analysis for additional industries besides pulp and paper to
test the representativeness of the pulp and paper results. To
the extent that regions target their enforcenent efforts towards
particular industries, we would expect to find inspection
effectiveness across regions to be different from one industry to
another. Industries may also differ in the mx of enforcenent
actions taken to force conpliance, their financial ability to
afford conpliance costs, and their technical capabilities of

meeting their effluent standards.



Figure 1.1: PCS Data Base Files
File Number Nane Description of Contents
1 EAPA040- COVPLI . X Conpl i ance
schedul es
2 EAPA040. ENFACT. X Enf orcenent actions
3 EAPA040. FACLTY. X Facility identifica-
tions and addresses
4 EAPA040. | NSPEC. X | nspections
5 EAPA040. LI M TS. X Paranmeter limts
6 EAPA040. MEASUR. X Measur enent s
7 EAPA040. OUTFAL. X | nformation rel at-
ing to pipe de-
scriptions
8 EAPA040. PERM T. X Permt events
9 EAPA040. VI OLAT. X Conpl i ance-vi ol a-
tion event codes/
data source codes/
coment s
Note: X = REG ONO1
REG ONO2
REG ONO3
REG ON04
REG ONO5
REA ONO6
REA ONO7
REG ONO8
REG ONO9

REG ON10



Table 1.1: Mean percentage differences between BOD dis-
charge levels immediately prior to an inspection
and the average BOD discharge levels O6, 7-12, and
13-18 nonths after the |ast inspection, for all in-
spected sources during 1982-1985%

Pé??od Mean N Dev. M n. Max.
o6 0. 003 211 0.534 -1.991 1.997
7-12 -0. 055 137 0.534 -1.542 1.504

13- 18 -0.070 64 0.525 -1. 997 1.021

® The differences are neasured in percentages tinmes |/100. Thus,

for exanple, -0.055 indicates a 5.5% reduction in the discharge

| evel after inspection. The differences in discharge levels were
transformed into percentages by dividing them by the average of
the pre-and post-inspection discharge |evels.



Table 1,22 Mean percentage differences between BCD dis-
charge levels inmediately prior to an inspection
and the average BCD discharge levels O6, 7-12, and
13-18 months after the last inspection, for all in-
spections followed by at least 18 w thout another
I nspection, 1982-1985a

Lag

Period Mean N Dev. M n. Max
06 -0. 079 50 0.499 -1.992 0. 868
7-12 -0. 166 50 0. 484 -1. 260 0. 705

13-18 -0. 105 50 0.575 -1.997 1.021

“The differences are measured in_ percentages times 1/100. Thus,
for exanple, -0.079 indicates a 7.9% reduction in the discharge
|l evel after inspection. The differences in dis-charge |evels
were transformed into percentages by dividing them by the average
of the pre-and post-inspection dis-charge |evels.



Table 1.3: Mean percentage differences between BOD dis-
charge levels immediately prior to an inspection
and the average BOD discharge levels O6, 7-12, and
13-18 nonths after the last inspection, restricted to
sources in significant non-conpliance at the tine of
I nspection between 1982 and 1985

Lag

Per i od Mean N Dev. M n Max
06 -0. 363 21 0.421 -1. 245 0. 949
7-12 -0. 089 17 0.522 -1. 009 0. 833

13-18 0.010 9 0. 455 -0. 556 0.772

“The differences are neasured in percentages times |/100.
Thus, for exanple, -0.364 indicates a 36.4% reduction in the
discharge |evel after inspection. The differences in

di scharge levels were transfornmed into percentages by
dividing them by the average of the pre-and post-inspection
discharge |evels.



Table 1.4: Regressions on the percentage difference between
the BOD discharge imrediately prior to inspection and
the average BCD discharge levels O6, 7-12, and 12-18
months after the last inspection, restricted to inspec-
tions of sources in significant non-conpliance at the
time of inspection between 1982 and 1985 (t-statistics
in parentheses)

rdependent Equation Equation '
Vari abl e \ 1 ) 2 Equat3| "
| NTERCEPT -0. 299 -0.414 0. 0541
(-3.053) (-1.859) (0. 334)
LAG 7-12 0.220 0.242 0.265
(0. 146) (1.548) (1.846)
LAG 13-18 0.309 0.191 0.357
(0.179) (1.333) (1.987)
TI ME 0.000162
(0. 655)
REG ON3 -0.331
(- 1.483)
REG O\4 -0.533
(-2.368)
REG ON6 -0. 902
(-3.155)
REG ON10 -0. 393
(-2.058)
N 46 42 46
R- SQUARE 0. 081 0. 086 0. 287
ADJ R-SQ 0. 039 0. 015 0. 180

®The differences are neasured in percentages times |/100.

The differences in discharge levels were transformed into
percentages by dividing themby the average of the pre-and post-
I nspection discharge |evels.



Chapter Two
Review of the Literature

on the Enforcenent of EPA Standards

by
W Kip Viscusi



. Overview

This literature review consists primarily of an annotated
bi bl i ography and sunmary of the principal articles that have
appeared relating to the enforcenent of EPA regulations. The
topi cs have been divided into three general areas. The first
area considers the basic issue of either setting the penalty or
standard-1evel for violations of EPA policies. The second area
considers the optimal enforcenent of these regulations, particu-
larly taking into account the fact that not all firnms will conply
with these regulations voluntarily. The third portion of the
review consists of an analysis of more innovative policy alter-
natives along the lines of permts, licenses, and rel ated
policies. These efforts and the literature on them shed sone
light on the nore general issue of setting appropriate penalties
for violations of EPA standards.

The first series of articles considers the appropriate
setting of standards and penalties. The review begins with a
summary of sone chapters fromthe environnental econom cs book by
Baumol and Cates. This chapter addresses sone of the traditional
concerns in this literature. In particular, standards should be
set at a level to equate marginal benefits and marginal costs.
Alternatively, one can obtain the same result by setting the
penalty level equal to the marginal cost inposed by the exter-
nality that is generated. This marginal cost link for setting
penalty |evels has been enphasi zed by econom sts since the tine
of Pigou.



The next series of articles addresses the role of uncertain-
ty in standard setting. In particular, is it preferable to set
standards or penalties in a situation in which the marginal
benefits and marginal costs may be uncertain? The answer depends
on whether the greater uncertainty is with respect to marginal
benefits or marginal costs. |f there is relatively precise
knowl edge of the marginal benefits of environmental control and
substantial uncertainty in the marginal cost of conpliance, or
alternatively substantial heterogeneity in the cost of conpli-
ance, then it is optimal to inpose sone kind of fine or tax
rather than to rely on direct standards. The final article in
this section addresses the differing inpact of standards and
ef fluent charges on technol ogi cal innovation.

The next section of articles addresses the role of enforce-
ment of EPA regulations and, in particular, the consequences of
i nconplete conpliance. Portions of the book by Russell,
Harrington, and Vaughan provide a general review of the litera-
ture in the area. One of the principal articles reviewed in this
survey is that by Viscusi and Zeckhauser, who consider the conse-
quences of inconplete conpliance. They show, for exanple, that
tightening the standard may have undesirable effects since it nay
I ncrease the nonconpliance with the regulation by nore than it
boosts the |level of environmental quality for firms that do
choose to conply. A series of other articles regarding i ncom
plete conpliance is also included, wth a common result in many
of these being that when anal yzing the marginal costs associ ated

with pollution control one should also take into account the



mar gi nal costs of enforcement. Finally, this section of articles
concludes with a sunmary of a series of articles addressing both
broad optimal |egal enforcenent issues as well as very narrow
I ssues pertaining to the enforcement of EPA regul ations.

The final section of the literature review discusses
permts, licenses, and other innovative policies of this kind.
Al though the task of setting EPA penalties is not identical to
designing a license schene, many of the sane kinds of concerns
that have been raised in this extensive literature also pertain
to the reliance on penalties. For exanple, there may be inpor-
tant nonitoring costs associated with setting a penalty based on
the degree of nonconpliance as opposed to sinply whether or not a

firmis in conpliance.



II.  Effluent Charges and Standards

WIliam Baunol and \llace Qates,

mental Policv, and the Quality of life (Englewood
Adiffs: Prentice-Hall, 1979). (Eng

Robert Crandal |, Cot ' stri ( L on:
Econom nd Politi f n Air (Washington:
Brookings Institution, 1983), esp. Chapter IV.

M chael Spence and Martin Witzman, "Regulatory Stra-
tegies for Pollution Control," in Ann Friedl aender,

ed., (Cam
bridge: MT Press, 1978).
Marc Roberts and M chael Spence, "Effluent Charges
and Licenses under Uncertainty," Journal of Eubim
Economcs, Vol. 5 (1976).

Martin L. Weitzman, "Prices vs. Quantities," Review
f Econonmi t udi (1974).

Vsl ey Magat, "Pollution Control and Technol ogi cal
Advance: nmai ¢ Mbdel of the Firm"

Envi ronmental Econom c¢s and Managenent, Vol. 5 (1978).



W Iliam Baurol and Wl | ace Cates, Econom cs, Environnental
Policy, and the Quality of Life (Engrewood Ciffs Prentice-Hall,

4 A=70.\

Thi s book provides a conprehensive introduction to environ-
mental issues including those relating to the setting of
penalties and standards. In chapter 15 they explore potenti al
mar ket processes that could be used to pronote environnent al
quality. One approach is to tax environmental damages. This
coul d be done in one of two ways. First, the government could
set an appropriate tax to reflect the social damage incurred. A
second approach is that the tax could be set so as to lead firns
to conply with a particular standard. An alternative approach is
to adopt a subsidy for pollution control rather than a tax on
pol lution, but the subsidy creates somewhat perverse incentives
since it encourages people to enter into polluting industries so
that they can be subsidized. A final approach is instead of
setting a tax to let an effective tax be set through the trading
of marketable licenses. There are two ways in which the rights
to the licenses could be allocated initially. They could be
al l ocated according to bids on the part of firms, with |icenses
going to the highest bidder, or else they could be distributed
equal ly anong firms and then resold.

In Chapter 16 the authors explore sone of the problens
associated with the pollution charge approach. They distinguish
three principal difficulties, some of which also may pertain to
standards as well. First, the magnitude of the effect of the
pol | ution charge on pollution may be uncertain. Second, charges

may tend to be an inflexible policy over tinme. It may be diffi-



cult to change the tax. (The authors do not raise the issue of
whether it is even nore difficult to change standards.) And
third, the authors believe that it may be politically difficult
to vary the tax level by location, which it would be optimal to
do.

In Chapter 17 they explore in detail the merits of effluent
charges as conpared with subsidies. The authors prefer the
effluent tax to avoid encouraging non-polluting industries.

In Chapter 12 they explore the potential advantages of
enpl oying direct controls of pollution. They distinguish three
ci rcunst ances under which they would advocate direct controls.
First, direct controls would be desirable if metering em ssions
is inpossible. Second, direct controls are desirable if rapidly
changi ng environmental conditions nay arise wth the risk of
catastrophe and finally, direct controls may be desirable in the
case of extrenely hazardous pollutants.

In Chapter 20 the authors note that direct controls of
pol lution also have their difficulties. For exanple, they are
often hard to tailor to particular circunmstances at the firm
The permts in particular often may not be set at optimal |evels.

In Chapter 20 the authors advocate varying the fee charged
for pollution according to the damage that the pollutant does.
Overall, they favor a m xed approach which woul d conbi ne

standards and effluent charges.



Robert Crandall, Controlling Industrial Pollution: The Econonics
and Politics of Cean Ar (WAshi ngton: Brookings Tnstitution,

1983), esp. Chapter |V.

In this book, Crandall reviews the principles for setting
standards and penalties and also provides his own proposal in
this area. The basic principles are widely known. Consider a
situation where there is a marginal benefit and marginal cost
curve for pollution renmoval. The optinmumwill be at the inter-
section of these curves. This optinum can be attained either by
setting the standard at this optimal |evel or by setting a
penalty equal to the value of the marginal benefits (and nargi nal
costs) at the intersection. Such a penalty will lead firms to
reduce pollution until marginal costs just equal margina
benefits at that point.

One problemthat has been explored in the literature is that
there is not often certainty with respect to the shape of the
margi nal benefit and marginal cost curves. This problem in
particular, has been the focus of the work by Spence and
Veitzman, which is discussed el sewhere in this literature review
|f the government sets standards it will fix the level of pollu-
tion that can possibly arise, but it will |eave the cost |evels
uncertain. Alternatively, fees or enissions charges of various
kinds fix the cleanup costs, but |eave the |evel of pollution
uncertain. \Which of these policy approaches is nore desirable
depends on the nature of the uncertainty as well as on the nature
of the benefit and cost functions. |n the extreme case where the
benefit function is flat and costs are uncertain, it is prefer-

able to use fees rather than standards. The opposite result



occurs if the greater uncertainty is with respect to the marginal
benefit |evel.

Crandal | sunmarizes three argunents in favor of the super-
iority of fees or pollution taxes. First, these policy
approaches are desirable in situations where there is uncertainty
with respect to the pollution control costs. Second, heteroge-
neity in the cost of conpliance will lead to the desirability of
using fees as a nore flexible policy approach. Third, fees wll
elimnate the possibility of firms' reducing pollution when it is
inefficient to do so.

The principal opposition to pollution taxes is the oft-
stated argunment that it is tougher to admnister a fee system
Crandal | notes that this is often alleged to be a difficulty, but
there has been little or no docunmentation of this point. From a
practical perspective, the admnistrative difficulty of fees is
that the government is required to neasure a continuum of out-
comes rather than sinply a cutoff point. Mre generally, the
governnent requires nore information to adm nister such a system

The principal novelty of Crandall's analysis is that he
points out a nmajor practical disadvantage of fees fromthe
standpoi nt of their attractiveness to firns. Suppose, for
exanple, that we are in a situation where either with a pollution
fee systemor a standards systemthe firmwuld provide the sane
| evel of pollution control. The firmin this situation wll
prefer standards to fees because the only cost to the firm of
conplying with the standard will be the cost of controlling the

pol lution. In contrast, under a fee system the firmwll not
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only have to pay for the pollution control expenditure but also
for the cost of all the pollutants that are not renmoved through
this pollution control effort. |n effect, a standard gives the
firmsome free pollution rights so long as it neets the standard,
whereas a fee systemdoes not. These penalties could be very
expensi ve depending on the particular situation.

Crandall's policy proposal is a two-part pollution tax. In
effect, each firmwould be given free rights to pollute up to a
particular level. Above that |level the firmwould have to pay a
pollution fee. This two-part pollution tax consequently woul d
yield the same efficiency properties as would a standard effl uent
charge system but it would avoid the unattractiveness to firns

of a policy under which it would have to pay for all of the pol-

[ution that it causes.
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M chael Spence and Martin Weitzman, "Regulatory Strategies for
Pollution Control," in Ann Friedl aender, ed., Approaches to
Control ling Air Pollution (Canbridge: MT Press, 1978).

This paper is a policy-oriented sunmary of the nore theo-
retical papers by Roberts and Spence and by Weitzman. The
authors conclude that to run a fully optiml effluent charge
policy, policymakers generally would require too nmuch infornation
conpared with what is readily available. As a result, in terns
of an overall policy they recormend a conbi ned approach utilizing
both standards and effluent charges.

The problem of pollution as they viewit is one of a m ssing
market, which is also an approach that has been noted earlier by
people such as Arrow. By setting effluent charges efficiently,
the government agency can produce incentives for efficient clean
up of pollution.

The particular focus of their paper is on the role of
uncertainty. In particular, they consider uncertainty with
respect to the damage of pollution clean-up as well as uncer-
tainty with respect to the costs of pollution clean-up. In terns
of its inpact, setting pollution standards will fix the level of
pollution, but wll leave the clean-up costs uncertain. In
contrast, setting fees will fix the clean-up costs but will |eave
the levels of pollution uncertain. \Wether standards or fees are
preferabl e depends in [arge part on whether the uncertainty with
respect to the costs or benefits is greater. A nuch nore lucid
exposition of these particular points is provided in the book by
Robert Crandall, which also provides a graphical exposition of

t hese issues.
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Marc Roberts and M chael Spence, "Effluent Charges and Licenses
under Uncertainty," Journal of Public Economics, Vol. 5 (1976).

This is a technical article that focuses on the issue of
uncertainty with respect to the clean-up costs at the firm In
that situation, should the government enploy standards, taxes, or
some other policy mx? The authors conclude that in this situ-
ation it is preferable to use pollution licenses suppl enented by
an effluent subsidy and a finite penalty.

The nodel that the authors consider involves an irreversible
I nvestnment on the part of firns so that the governnent can't
alter the policy over tine as it |earns about the particular
situation. This certainly may be true of a particular firm but
It does not seemto be representative of how the EPA could
respond to new entrants and new facilities. They conclude within
the context of their nodel that the optinmal policy involves a
policy mx. They would inpose effluent charges and restrict
em ssions through |icenses. The conbination of these policies is
what they favor rather than either policy alone. They note that
in the case of a linear damage function that effluent charges are
optimal. If, however, marginal danages increase with the |eve
of effluents, licenses will be a superior policy, They also note
that the uncertainty with respect to the cost of conpliance also
wll lead to uncertainty with respect to the pollution control

benefits.
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only have to pay for the pollution control expenditure but also
for the cost of all the pollutants that are not renmoved through
this pollution control effort. |n effect, a standard gives the
firmsome free pollution rights so long as it neets the standard,
whereas a fee systemdoes not. These penalties could be very
expensi ve depending on the particular situation.

Crandall's policy proposal is a two-part pollution tax. In
effect, each firmwould be given free rights to pollute up to a
particular level. Above that |level the firmwould have to pay a
pollution fee. This two-part pollution tax consequently woul d
yield the same efficiency properties as would a standard effl uent
charge system but it would avoid the unattractiveness to firns

of a policy under which it would have to pay for all of the pol-

[ution that it causes.



13

Martin L. Weitzman, "Prices vs. Quantities," Review of Economc
Studies (1974).

This paper provides a theoretical analysis of the use of

price or quantity information in a decentralized econony as a
mechani sm for appropriate planning. One can view setting
standards as equivalent to setting the quantity of pollution.
Simlarly, one can view setting effluent charges as equivalent to
setting the price for pollution. Witzman anal yzes the inplica-
tions of prices vs. quantities for the situation where both
benefits and costs may be uncertain. Depending on the relative
uncertainty in the shape of the benefit cost curves, one strategy

may domnate the other.
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Wesley Magat, "Pollution Control and Technol ogical Advance: A
Dynam ¢ Mobdel of the Firm" Journal of Environmental Econom cs
and Managenent, Vol. 5 (1978).

This paper is concerned with the different inpact of taxes
and standards on technol ogi cal innovation. The paper addresses
in particular whether a constant standard or a constant tax rate
for pollution will be preferable in terms of the incentives that
it provides for technol ogi cal advance. One of the conclusions of
the paper is that a rising tax is often needed to pronote the
same outcone in terns of an effluent level that would occur with
a uniform standard. In addition, the usual equival ence between a
standard and a penalty in a single period nodel becones much nore
conplicated within the context of a nmulti-period nodel with tech-
nol ogi cal change. Depending on the time pattern of penalties and
standards, the policies may have identical effects or effects on
innovation that are difficult to generalize in terms of a sinple
result, such as that effluent charges dom nate standards in terns

of the inpact on technol ogi cal innovation.
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I11. Optinmal Enforcement of Regul ations

Cifford Russell, Wnston Harrington, and WIIliam
Vaughan, Monitoring and Enforcenent in Pollution
Control, draft book manuscript, Resources for the
Future, 1985.

W Kip Viscusi and Richard J. Zeckhauser, "Optinal
Standards with Inconplete Enforcenent," Public Policy,
Vol . 27 (1979).

Jon Harford, "Firm Behavior under Inperfectly Enforce-
able Pollution Standards and Taxes," Journal of Envir-
onnent al _Econoni cs _and Managenent, Vol. 5 (1978).

WIlliam Drayton, "Econom c Law Enforcenent," Harvard
Environnmental Law Review, Vol. 4 (1980).

A. Mtchell Polinsky and Steven Shavell, "The Opti mal
Tradeof f between the Probability and Mgnitude of
Fines," Anerican Econom c Review, Vol. 69 (1979).

George Stigler, "The Optinum Enforcenment of Laws,"
Journal of Political Econony, Vol. 78 (1970);

Dwight R Leigh, "The Econom cs of Enforcing Pollution
Taxation," Journal of Environnental Economi cs, Vol. 11

(1984) .

Paul Downing and WII|iam Watson, "The Econom cs of
Enforcing Air Pollution Controls," Journal of Environ-
ment al Econom cs and Managenent, Vol. 1 (1974).

Steven H. Linder and Mark MBride, "Enforcenent Costs
and Regulatory Reform The Agency and Firm Response, "
Journal of Environnental Econom cs and Managenent,
Vol . 11 (1974).

Wl liam Watson and Paul Downi ng, "Enforcenment of Envir-
onnental Standards and the Central Limt Theorem"
Journal of the Anmerican Statistical Association, Vol.

71(1976).
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Clifford Russell, Wnston Harrington, and WIIiam Vaughan,
Monitoring and Enforcenment in Pollution Control, draft book manu-
script, Resources for the Future, 1985.

This book on nonitoring begins by questioning the often made
assunption that there will be perfect conpliance on the part of
firms and perfect nonitoring on the part of EPA.  They note that
self-monitoring has been witten into the permts of the National
Pol lution Discharge Elimnation System (NPDES) for water poll u-
tion and into the New Source Performance Standards for air pol-
lution. They conclude that in nany situations, particularly in
the major industries, firms have initially conplied. In parti-
cular, they have often installed equi pment to provide for
potential conpliance with EPA standards. They claim however,
that there is a problem of continuing conpliance whereby firns
have an ongoing difficulty of neeting discharge l[imts.

They distinguish different ways in which standards could be
set. For exanple, they could be set based on the concentration
of pollutants, the weight of pollutants emtted per unit tine,
the wei ght per unit production, the fuel or other input quantity,
the percent of pollution renoval, or the anbient standards around
a particular source.

The authors suggest that |egal penalties are often cunber-
some and as a result states have set up adm nistrative penalties
to provide incentives for conpliance. Pronoting conpliance is,
however, a costly undertaking. There are significant nonitoring
and surveillance and test costs associated wth enforcenent. In
Connecticut penalties were set on the basis of the economc

benefit of nonconpliance. The overall conclusion of the authors
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is that there is inconplete conpliance and very few sanctions for
nonconpl i ance.

The authors provide a review of sonme of the nore significant
studies of enforcenent, which are provided in the attached table.
The nost basic nmodel in which conpliance is assuned is treated in
various literature reviews by, for exanple, Teitenberg. Two
nmodel s dealing with the potential nonconpliance have been
devel oped by Viscusi and Zeckhauser. The fourth class of nodels
i n which conpliance is assuned but discharges are stochastic is
that devel oped, for exanple, by Downing and Watson. Finally, the
potential nonconpliance nodel associated with a stochastic
nonconpl i ance situation is that devel oped by Linder and MBri de.

The authors suggest that in many of these nodels it may be
appropriate to have the probability of detection of a violation
linked to the size of the violation. The authors devel oped a
Markov nodel of transitions anong four states: whether or not the
firmis in conpliance and whether or not the firmis under sur-
veil l ance by EPA In effect, these binary outcomes are crossed
leading to a 2x2 format.

Finally, the authors devel oped a quality control nodel, The
sequence of decisions in their pollution game involve conpliance
vs. violation, detection vs. no detection, and acceptance of the

nonitoring report vs. rejection of the reading.
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W Kip Viscusi and Richard J. Zeckhauser, "Optimal Standards with
| nconpl ete Enforcenent,” Public Policy, Vol. 27 (1979).

Thi s paper analyzes the setting of optimal standards in

situations in which conpliance is not conplete. Mre specifi-
cally, firms may choose not to conply with a particular environ-
mental standard if the costs of conpliance exceed the expected
cost of nonconpliance that will result fromthe EPA enforcenent
effort. Rather than analyzing a particular firm this paper
explicitly takes into account the heterogeneity of conpliance
cost in the industry. The tightness of the environmenta
standards set by EPA consequently will affect the cutoff point on
the distribution of firns that will be in conpliance and those
that will- not. Even if the government's objective is solely to
pronote environnental quality, it is shown that tightening the
standard may not be advantagous. The difficulty is that a
tighter standard will increase the degree to which firms find it
desirable not to conply with the standard. This paper considers
both the decision to conply before the inspection as well as the
decision to conply after an EPA inspection has been taken.

To reduce the problens of nonconpliance, the governnent
m ght wish to explore heterogeneous standards. Al though varia-
tion of standards on an individual firmbasis is infeasible, nany
profitabl e distinctions might be drawn. For exanple, the govern-
ment could inpose different standards on new facilities than on
existing facilities. Tighter standards for new facilities are
optimal in this situation. As a result, the "new source bias"

that EPA policies often display is quite consistent wth what is



econom cal |y

not,

however,

efficient. The degree of the new source bias nay

necessarily be efficient.
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Jon Harford, "Firm Behavior under Inperfectly Enforceable Pollu-
tion Standards and Taxes," Journal of Environnmental Econom cs and
Managenent, Vol. 5 (1978).

Thi s paper anal yzes the behavior of firns in a situation
where the pollution standards or taxes are not conpletely
enforced. As a result, nonconpliance is pernitted. As one m ght
expect, policies that increase the expected penalty to the firm
associated with nonconpliance will increase the pollution contro
investnent by the firm Making the standard nore stringent wll
not necessarily increase the degree of pollution control.

Whet her or not this wll in fact occur depends on how the tight-
ening of the standard interacts wth the schedule of penalties
faced by the firmfor nonconpliance. To take an extrene case

for exanple, if a firmis going to be fined by the sane anount
for small and large violations, a tight standard may |ead to nuch
more nonconpl i ance because the cost of conpliance has risen and
the penalties associated with nonconpliance have not.

The aut hor shows that the marginal cost of pollution reduc-
tion by the firmw Il Dbe equated to a constant pollution tax by
the firm As a result, the degree of nonconpliance wll be
i ndependent of the actual ampunt of wastes. The author nodifies
the usual maximthat marginal benefits should be equated to
mar gi nal costs by noting that the marginal costs should al so

i nclude the costs associated with enforcenent.
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Wlliam Drayton, "Econom c Law Enforcement,” Harvard Environ-
ment al Law Review, Vol. 4 (1980).

This article provides a review of the Connecticut enforce-
ment project on which Drayton participated. In particular, in
Connecticut a del ayed conpliance penalty was inposed on non-
conplying firms to provide an incentive for conpliance. Drayton
concl udes that increasing the enforcenent sanction had beneficial
effects in Connecticut.

The Connecticut approach was based on two principles.

First, the penalties were based on an econom c recapture princi-
ple. The object was to elimnate the potential econom c gains
the firmmght have from nonconpliance. The second principle is
that there would be escalating penalties for nonconpliance to

I ncrease the incentives to conply once a violation had been dis-
covered. Drayton notes that the approach basing the penalty on
the gain to firms rather than on the environnental damage is not
likely to be accepted by econom sts, but that it would be accept-
able if there is a strong correlation between the damages
inflicted on the environment and the clean-up costs firns nust

i ncur.



A. Mtchell Polinsky and Steven Shavell, "The Optimal Tradeoff
between the Probability and Magnitude of Fines," American Econo-
mc Review, Vol. 69 (1979).

This paper does not focus on environnental issues per se,
but rather addresses the nore general issue of altering the
intensity of the enforcenent effort (i.e., the probability of
fines) and the level of the penalty. The authors first show the
famliar result that if the violators are risk neutral, then the
optimal fines are infinite. These will insure that there is
conpliance with whatever standard nmust be net. In the case in
which there is risk aversion, if the cost of catching violators
is sufficiently small it is optimal to catch all violators, as
one would expect. Penalties exceeding the external cost that the
violators generate nay be optimal, but there is a need to nute
the extent of the punitive penalty because of the presence of
risk aversion. As a result, they conclude that it is often
desirable not to set the penalty not too nuch above what woul d be

dictated on the basis of the external costs generated.
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CGeorge Stigler, "The Optinum Enforcenent of Laws," Journal of
Political Econony, Vol. 78 (1970).

Al though this paper does not focus on environnental prob-
lems, it nevertheless provides at |east one practical insight for
environnental policy. Stigler enphasizes that policies should be
designed to provide for an affordable degree of conpliance. In
particular, they should attenpt to provide marginal deterrence
for violations of differing magnitude. For exanple, if an indi-
vidual is going to be sent to life inprisonnent for either nurder
or for armed robbery, there is no nmarginal incentive for the
criminal to avoid shooting two potential witnesses. Sinmlarly,
in the environmental context if there are no marginal incentives
for pollution control, a firmwll have no incentive to reduce

its pollution at all once it is out of conpliance.
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Dvght R Leigh, "The Econom cs of Enforcing Pollution Taxation,"
Journal of Environmental Economics, Vol. 11(1984).

This paper anal yzes the appropriate pollution tax in a situ-
ation in which there are not only costs to the firnms of conplying
with the EPA standard, but there are also costs to EPA of enforc-
ing its regulations. It is this additional enforcement cost
conponent that distinguishes the author's nodel fromthose in the
literature. The polluters in this nodel have an incentive to
avoid the tax on pollution, and the government nust incur costs
to increase the likelihood of detection. The firnms choice
vari ables are the pollution rate and the anount of avoi dance
behavior, and its profits are given by the private benefits of
pollution mnus the total pollution tax and the costs associated
with avoiding the tax. The result that the authors derive is
that it wll generally be optimal to have a |ower tax rate, but
more stringent enforcement when costs of avoi dance are consi dered

than when it is not considered.



Paul Downing and WIIiam Watson, "The Econon]'cs of Enforcing Air
Pol [ uti on ntrols," Journal of Environmental Econom cs an

Managenent, Vol. 1 (1974).
Thi s paper analyzes first the equalization of marginal

social costs and social benefits of pollution control. It
includes in the social cost both the cost to the firmas well as
the costs of legal enforcement. The neglect of the enforcenent
cost would lead to standards that are inefficiently stringent.
The authors then devel op a nodel of optinal enforcement policies,
which is an extension of Becker's crinme nodel. Firns are assuned
to mnimze expected costs, where these include the expected cost
of nonconpliance actions taken against the firm

The authors then develop a sinulation nodel for six policy
scenarios involving various kinds of penalty systems and differ-
ent assunptions about the flexibility of the technology. These
were done for the case of air pollution and, in particular, for
opacity standards and fly ash standards. For the scenarios they
exam ne, an effluent fee enforcement schene would be optimal in

controlling fly ash em ssions fromcoal-fired power plants.



Steven H Linder and Mark MBride, "Enforcenent Costs and Regul a-
tory Reform The Agency and Firm Response,"” Journal of Environ-
ment al Econonmi cs and Management, Vol. 11 (1974).

Thi s paper considers the optinmal enforcement of EPA regul a-
tions and, in particular, the response by firns to this enforce-
ment effort. As in other papers of this type, one does not
sinply equate nmarginal benefits and marginal costs of pollution
control but rather the marginal cost termis conprised of both
the marginal cost of pollution reduction as well as the narginal
cost of enforcement. The enphasis of this paper is on the
optimal testing properties of the EPA enforcenment effort. In
particular, during any enforcenent inspection, a violation m ght
be discovered, a violation that is present may be m ssed, a
violation may be alleged but not be present, and a violation my
be found. This formulation is drawn fromthe standard literature
on Type | and Type Il errors. As in that literature, there is a
trade-of f between Type | and Type Il errors. The authors explore
different ways of reducing these errors by, for exanple, instal-

ling better monitoring equi pnent.
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W1 liam Watson and Paul Downing, "Enforcenment of Environnental

Standards and the Central Limt Theorem" Journal of the
AnericanStatistical Association, Vol. 71 (1976).

This paper is an exploration in a particular case study of
the stochastic properties of pollution control devices. In
particular the authors focus on the fly ash violations that py
arise. The authors conclude that even in a situation where a
technology is potentially in conpliance with the standard, due to
random variations in the performance of the pollution control

device it may be out of conpliance on a stochastic basis.
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[ V. Permts, Licenses, and Related Policies

W David Mntgomery, "Mrkets in Licenses and Efficient
Pol lution Control Programs,"” Journal of Econom c
Theory, Vol. 5 (1972).

Robert Hahn and Roger Noll, "Barriers to Inplenenting
Tradable Air Pollution Permts: Problens of Regulatory
I(rlwggeé)actl ons," Yale Journal on Regulation, Vol. 1

Robert Hahn and Roger Noll, "Designing a Market for
Tradable Em ssions Permts,” in Wsley Magat, ed.,
Reform of Environnental Regulation (Canbridge: Ballin-
ger Publishing, 1982).

Susan Rose-Ackernman, "Effluent Charges: A Critique,"
Canadi an Journal of Economcs, Vol. 6 (1973).

Thomas Teitenberg, "Transferable D scharge Permts and
the Control of Stationary Source Air Pollution: A
Survey and Synthesis," Land Economics, Vol. 6, No. 4
1980. -

Jorge A del Calvo y CGonzalez, "Markets in Air: Prob-
| ens and Prospects of Controlled Trading," Harvard
Envi ronnentalLaw Revi ew, Vol. 5 (1981).
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W David Mntgonery, "Mrkets in Licenses and Efficient Poll u-
tion Control Prograns,” Journal of Econom c Theory, Vol. 5
(1972).

This article is a conceptual analysis of the inplications of

a pollution pricing scheme as an alternative to standards.
Mont gomery di stingui shes two different approachs. First, the
governnment coul d adopt a pollution |icense approach whereby we
woul d inmpose a fee based on the total amount of pollution
generated. This is the approach that Mntgonery prefers. The
second approach is an em ssions |icense approach where the fee
woul d be based on the rate of pollution. Montgonery believes
that the latter policy involves nore difficulties because of the
differing inpact of differing rates of pollution across firns.

In a nodel in which he explores the inplications of the
creation of this new market, Montgonery concludes that both
| i censes approaches can lead to efficient outcomes. In effect,
he is fulfilling the mssing markets notion devel oped in an
earlier paper by Kenneth Arrow. The principal benefit of this
approach is that it establishes on a sound theoretical basis the
efficiency properties of the licenses-fee approach to pollution
control. In effect, the government can produce an efficient
market in this situation by setting up a market where one other-

wse did not exist.



30

Robert Hahn and Roger Noll, "Barriers to Inplenmenting Tradable
Air Pollution Permts: Problems of Regulatory Interactions,” Yale
Journal on Regulation, Vol. 1 (1983).

This paper is a continuation of the exploration of the
properties of a market for air pollution permts for sulfer oxide
pollutants in the Los Angeles area. The authors continue to be
in favor of the permts approach and they note that one potenti al
advantage that arises fromit is that tradable permts ease the
entry and exit of polluters into an industry as conpared with
source-specific regulations. In particular, in terns of the
dynam cs of the way in which the econony devel ops, the tradable
permts approach has substantial efficiency advantages. It
creates incentives for innovative pollution-controlling tech-
nol ogi es that woul d not be present under a sinple technol ogical

standards policy.
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Robert Hahn and Roger Noll, "Designing a Market for Tradable
Emi ssions Permts,” in Wsley Mugat, ed., Reform of Environnenta
Regul ation (Canbridge: Ballinger Publishing, 1982).

This paper focuses on the design of a tradable em ssions
permt market for sulfer oxides in the Los Angeles area. This is
a nore radical approach than the controlled trading option that
had been explored earlier by EPA.  The authors conclude that the
em ssions permt is a promsing and practical policy approach.

In particular, they stress that it provides beneficial incentives

for pronoting environnental quality.



Susan Rose-Ackernman, "Effluent Charges: A Critique," _Canadi an
Journal of Economics, Vol. 6 (1973).

Thi s paper provides a review and critique of the effluent
charge approach. The author nakes the follow ng points with
respect to the potential limtations of the effluent charge
policy approach: 1) there may be significant costs in terms of
the information that the environnental agency nust collect, 2)
there may be a substantial regulatory |ag whereby the effluent
charges may not respond to environmental needs, 3) this approach
may not be sufficiently well-adapted to the capital intensive
nature of pollution investnents, 4) it neglects the potenti al
difficulties that mght arise if there is collusive behavior on
the part of pollution dischargers, 5) there may be discontinui-
ties in the marginal benefits and nmarginal costs that create
difficulties for the policy, and 6) it may be hard to adm nister
such a policy optimally if the marginal damage caused by differ-
ent polluters differs or if a joint treatnent option is nore
efficient.

Al though this is an interesting review of the potentia
limtations of effluent charges, nost of these criticisns apply
to equal or greater degrees to the standards policy approach.

For exanple, the problemof regulatory lag would seemto affect
standards just as nmuch if not nore than effluent charges. It is
al so noteworthy that apart fromlargely practical difficulties,
the author does not dispute the conceptual superiority of the

ef fl uent charge approach.
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Thomas Teitenberg, "Transferable Discharge Permts and the
Control of Stationary Source Air Pollution: A Survey and
Synthesis," Land Economcs, Vol. 6, No. 4, 1980.

This paper consists largely of a review of the air pollution
permts literature. In terns of providing newinsights into
appropriate setting of EPA penalties or standards, the paper does
not break new ground. However, it does provide a useful survey,

shoul d one be interested in the discharge permt issue.
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Jorge A del Calvo yGonzal ez, "Markets in Air: Problens and
Prospects of Controlled Trading," Harvard Environnental Law
Review, Vol. 5 (1981).

This paper is largely a survey of the problems of controlled
trading in the air pollution area. It includes a survey of EPA
policies that provide for controlled trading. The paper also
explores the literature on marketable rights schenes. The paper
reviews concepts such as offsets, bubbles, and banking, but does

not break any new ground from an econom ¢ standpoint.



Chapter Three

Procedures for setting Opti mal

Penalties for Environmental Regulation

by

W Kip Viscusi, Richard Zeckhauser, and Peter Schuck



. The Nature of EPA Enforcenent
A Standards and the Mnitoring of Conpliance

The U S. Environnental Protection Agency (EPA) follows a regulatory
approach conmon to other social regulation agencies. In particular, it sets
standards or other constraints on environnentally related actions and
enforces these standards through inspections. If firms are out of
conpliance, it attenpts to inpose penalites on the violators. Although this
report focuses on the role of the penalty policy, it is useful to begin with
a brief overview of the regulatory approach, since this defines the context
in which the penalty policy operates.

The strategy of setting a standard for pollution above which there is a
penalty for nonconpliance and bel ow which there is no penalty is but one
choi ce that government regulators could have made. The penalty schedul e
could, for exanple, have begun with punitive fines at zero |evel of
pollution or with a fine that rose linearly with the Ievel of pollution (a
pollution tax). Mreover, the character of the standards is also quite
specific as it is often structured in terns of the firms technol ogy rather
than sinply the pollution |evel.

One can envision several possible rationales for the standards-penalty
approach. First, the optimal |evel of pollution may be substantially above
zero so that it is not desirable to elimnate all pollution. Setting a
standard bel ow which there is no charge for pollution in effect gives the
firmsone pollution free, increasing its attractiveness over a straight unit
penal ty system  Second, standards are desirable when it is possible to
nonitor the regulated activity. If discharges are readily measurable one
can set a standard based on pollution levels, and if such nonitoring is

costly a technol ogy-based standard may be desirable. A third consideration



is that the ability to characterize participants into a limted nunber of
cl asses enables EPA to set standards for an entire group of firns wthout
too nuch efficiency loss. Requiring, for exanple, that all pulp and paper
mlls install primary treatment facilities establishes an appearance of
fairness since all firns face sinmlar requirements.

EPA standards take a variety of different forns. In regulating water
pol lution, for exanple, EPA may either set a standard for water pollution
control or issue a pernit approving a certain level of pollution for a
particular firm Each approach in effect is a standard, but permts pertain
to standards that have been based on sone specific characteristics of a
particular facility, such as whether the facility is a refinery or a pulp
and paper nmill. In the discussion below, we wll not usually distinguish
bet ween standards and pernits.

For nost air and water pollution regulation, the EPA standard pertains
to the total mass of pollution discharged. Alternatively, standards may
limt the concentration of pollutants in the anbient environment, expressed
in terms of either the overall concentration of the pollutant (e.g., units
of mass per unit volunme) or the relative concentration (parts per nmillion).
Mich |ess performance-oriented in character are technol ogy standards, which
specify the design of particular kinds of control equipnent that nust be
installed. In other cases, EPA inposes practice standards that specify or
prohibit particular operating procedures, such as agricultural practices to
m nimze non-point water runoff.

Mich |ess stringent in their general character are EPA policies that
are information oriented. EPA may |lay down informational rules, for
exanple, requiring firms to report releases of hazardous wastes.

Finally, €era has a variety of labeling policies, such as its detailed



pesticide | abel program which provide information to users.

For each of these standards EPA nust ascertain whether a firmis in
conpliance with the regulation. In many cases, this information is supplied
to EPA by the regulated firms and facilities. \Water pollution regulations,
for example, rely heavily on self-nonitoring. Firms nonitor their
di scharges and nmust file regular discharge nmonitoring reports so that EPA
can verify that they are conplying with the terns of the permt. Sinmlarly,
firms sometimes file stack em ssions tests for air pollution standards and
must provide a self-analysis of hazardous wastes.

If the regulated firms provided EPA with conplete and accurate
information there would be little need for an extensive enforcement staff.
In practice, however, field visits are necessary to verify the infornmation
provi ded and to gather additional information not supplied to EPA. Field
visits vary in intensity, ranging from walk-through inspections to detailed
sanpling inspections. It is not always necessary to visit the plant site to
acquire information. For example, EPA has installed air quality nonitors
t hr oughout the country.

Wi ch enforcenent office undertakes the inspection or enforcenent
action depends on the particular situation. EPA has separate enforcenent
of fices for each programmatic area of concern, such as air, water, and
hazar dous wastes. This separation makes it difficult to identify "bad
actors" for several types of pollution.

Unlike the crimnal class, Wwhere one's overall record is of
extraordinary inportance, little is kept in the way of an environmenta
record. EPA might find such information could be particularly useful in
targeting its efforts, particularly for a large firmwth many |ocations or

for a firmemtting pollutants covered by different EPA policies (e.g., air



and water). Al though nost regulations are enforced by EPA itself, the
states sonetinmes have the enforcement responsibility. For exanple, the
states are responsible for enforcing national ambient air pollution
standards for existing sources, whereas performance standards for new
sources are enforced by EPA.  Simlarly, 37 states have assuned

responsibility for the water pollution pernit programs.1

B. Enf orcenent Sancti ons

If a violation of regulations is discovered, EPA can take a variety of
steps. Perhaps the |east severe is a telephone call or a letter alerting
the firmto the violation and urging it to conply with the standard.

Warning letters often detail the penalties the firmfaces if it does not
conply with the standard. A representative of the enforcenent office also
can undertake a visit to the firmto discuss the action that need be taken
Finally, EPA can issue a notice of violation, a formal notification that a
violation has occurred. These notices generally specify a deadline for the
firms response.

Mre formal admnistrative remedies include requirements that a firm
take corrective action. Admnistrative orders are subject to the appeals
process in the Federal and State Administrative Procedures Acts.2 If firns
violate the adnministrative order, EPA can pursue action through the Justice
Departnent in the U.S. courts to force conpliance. These civil court cases
may |lead to financial penalties on the firm as discussed below. Finally,
EPA can pursue crimnal enforcement for willful and serious violations and
for fraudul ent reports. CGvil court renedies are nmuch nore frequent than
crimnal cases. The nunber of civil cases referred has ranged from 90 to

270 annual ly in the 1980s, whereas the annual nunber of crimnal cases has



been between 20 and 36 over that period.3

In some instances the penalties are set by EPA, usually EPA refers the
offense to the Justice Dept. for litigation in the courts. Under EPA s
recently issued Uniform Civil Penalty Policy, EPA takes into account two
factors when setting penalties.zlﬁrst, it takes into account the economc
gain to the firmof delayed conpliance. The penalty increases as the amount
the firm nmakes from nonconpliance rises. Calculating this amunt is often
conpl ex because of the various tax provisions affecting capital investnents.
The second conponent of the penalty is the gravity of the violation. In
ef fect EPA considers both the benefit to society of conpliance with the
regulation (i.e., the gravity of the violation) and the costs of conpliance
to the firm (or what EPA terms the econom c benefits of nonconpliance).
This anmounts to double-counting, and it will not generally be desirable
sinply to add up the levels of benefits and costs when setting the
penalty |evel

The overall intent of these penalties is to produce conpliance with the

5 In practice, however, the penalties have a nore subtle role to

regul ation.
play. For exanple, they can be used to signal to firns that the government
I's serious about its enforcenment effort or they can be used to convey the
impression that a generally weak enforcenent policy with infrequent
inspections and a |ow probability of detecting violations is quite
stringent. As with the enforcenment of OSHA standards, EPA tries to avoid
shutting down firmns. 6 The preferential treatnment of the steel industry,

whi ch has long been a nmajor air pollution violator, is a notable exanple.
More generally, EPA will not seek penalties beyond the neans of the

violator; instead the agency will spread the penalty out over time or reduce

Its magnitude



If penalties and regulations are set properly, there is no need to
consider the viability of the firmafter an appropriate penalty, It nay not
be desirable from an econom c efficiency standpoint for firms that are
significant polluters to continue in business. Social welfare nmay be better
served by designing and enforcing sound regulatory policies and their
penalty structure than by permtting selective nonconpliance. Sone firns or
industries may sinply not be viable once they are required to take into
account the environmental damages caused by their operations, and they
shoul d be allowed to fail

It is particularly desirable for the marginal firms that are serious
polluters to go out of business if they are not viable under a judiciously
set standards system Ideally, a firmshould pay for all of the pollution
costs it inposes on society so as to establish efficient incentives for
entry into the industry. Wth a standards approach, the firmreceives the
first units of pollution free before it faces any penalties as a result of
nonconpl i ance. Firms that are unable to neet the environnental standards
consequently may be well below the threshhold of viability in view of the
implicit subsidy associated with standards.

There shoul d, neverthel ess, be sone reluctance to close firms
operati ons. In their effort to stress the inportance of not permtting
inefficient polluters from continuing to operate, econom sts have negl ected
the real economc costs of plant closings. Wrkers will encounter
substantial adjustnent costs that may go beyond their wages alone to the
extent that they have been earning econonmic rents in their positions.

Capital equi pment also may have much |ower scrap value than its value when
integrated within the context of the firms current technology. One can

view these |osses as being a transactions cost, establishing a gap between



the firms long-run break-even amount and the |evel of profitability before
it is desirable for EPA to shut the firmdown. Since the transactions costs
are borne largely by individuals other than the owners of the firm any
acconmodation of these concerns must reflect a relaxation of the standard or
the associ ated penalties.

A final aspect of the penalty structure other than its level is the
intent. Is EPA trying to pronote conpliance with a standard, or is it using
penalties as a pollution fee? In the latter case, the polluter can choose
bet ween complying with the standard and paying the penalty while continuing
to pollute. In a sense the firmalways has that option, but when penalties
are intended to force conpliance, they are generally set so high as to swanp
the firms costs of conpliance

Al t hough EPA generally views penalties as tools for ensuring
conpl i ance, ! this need not be the case. For exanple, policy innovations
in the area of tradable air pollution rights in effect enable the firmto
pollute for a particular price. Penalties could be structured in the sane
way. The only difference is that for penalties, EPA fixes the price of
pol lution, whereas in the tradable permts case it fixes the quantity.

Ei t her approach can lead to nuch the sane results by setting the penalty or
quantity of tradable rights properly. The nain difference is that tradable
rights may give firms on the threshold of shutting down nore |eeway to

continue operations if its endowrent of pollution rights is sufficient.

C The Magnitude of EPA Penalties
The enabling legislation for EPA prograns limts the |evel of penalties
that can be assessed for violations of standards. These provisions

establish penalty ceilings for the nonetary penalties that can be assessed



through civil or crimnal action and for the ternms of inprisonment that can
be inposed in a crimnal action. Table 1 summarizes the pertinent linmts
for six EPA prograns.

Quite large fines are permtted. For civil cases, the daily penalty
maxi mum ranges from $5,000 for violations- of the Safe Drinking Water Act and
certain provisions of both the ean Air Act and the Resource Conservation
and Recovery Act to $25,000 for violations of the Toxic Substances Contro
Act and sections of both the Cean Air Act and The Resource Conservation and
Recovery Act. The maxinum limts for crinmnal penalties are usually about
one year's inprisonnent.

Smal | er penalties are associated with federal efforts to enforce job
safety regulations. Serious violations of an OSHA standard can be penalized
as nuch as $1,000 a day for nonconpliance. This sanction, although small
can be assessed administratively by OSHA without filing a court case. Gvil
penal ties, which are seldominposed, can lead to fines up to $10,000. A
possible rationale for smaller OSHA penalties is that the beneficiary of the
regul ations--the worker--is present and can help nonitor conpliance,
decreasing the role that agency enforcenent efforts nust play.

EPA penalties are potentially larger, but they are nore difficult to
inpose. To the extent that the health and safety effects of environnental
regul ations are greater than those of workplace standards, |arger penalties
are appropriate. It is entirely possible, however, that neither agency
assesses the ideal absolute |level of penalties, in which case a conparison
of penalty levels across agencies would not be a good index of the
appropriateness of EPA penalty anounts.

The lower penalty limts specified in statutes are seldom binding. EPA

often deals with a nonconplying polluter through enforcenent actions such as
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visits and phone calls w thout any penalty whatsoever. The costs of filing
a civil case are substantial, and the crimnal remedies are sel dom used.
From EPA' s perspective, the inportant problemis not determning how high
the penalties should be set, but deciding when to seek penalties at all.
(bserved penalty levels will depend very much on the resources available for
such Ilitigation.

The actual penalties assessed are often quite substantial, as we will
illustrate with data fromfederal civil cases. (Penal ties assessed in state
courts are not tabulated by EPA.) Because of the lag between the initiation
of civil litigation and the inposition of penalties, the prevailing penalty
| evel serves as an index of the stringency of enforcement in earlier
peri ods.

Penal ti es have been increasing, rising from$10 mllion annually in
1978 and 1980 to an average of $50 million annually in 1983 and 1984. 8
These increases reflect not only nore stringent penalties for particular
violations but also a broader scope of EPA operations and nore vigorous
enforcement efforts. From FY 1981 to FY 1985, the proportion of the EPA
budget devoted to enforcenment issues rose from 15 percent to 20 percent.9

To illustrate the range of penalties that can energe for different
degrees of violations of EPA standards, we wll exanmine civil cases filed
for water pollution violations in the pulp and paper industry, which
i ncl udes approxi mately 350 major dischargers of poIIutants.lO Overal |,
there have been 40 closed civil cases against violators of EPA standards,
with penalties assessed in 30 cases, ranging from $500 to $750,000. Eight
firms were penalized by nore than $100,000, and the average civil penalty

| evied was $115, 000.
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Thus EPA litigation efforts yield significant penalties for
nonconpl i ance. EPA enforcenent policies can produce powerful incentives for
conpliance after violations have been discovered. But to the extent that
litigation is pursued only for persistent violators of EPA regulations, the
threat of a randominitial inspection, however, is much [ower. Noreover,
the economic benefit to the firm from nonconpliance nmay be substantial so
that, on balance, even the fairly sizeable penalty anmounts cited above may
not provide effective incentives for conpliance.

The ultimate test of the adequacy of EPA penalties is whether they
i nduce conpliance with government regulations. In this respect, the
performance of EPA programs is quite nixed

The conpliance statistics cited bel ow should be treated with sone
caution. Even if only a small percentage of firns are out of conpliance,
these firns tend to be the nost significant polluters; consequentely any
gi ven percentage of nonconpliance will be associated with a disproportionate
amount of pollution. Mreover, the conpliance data should not be treated as

11 Conpl i ance judgnents are typically based on

an unbi ased neasure.
unverified reports supplied by the polluting firms. For exanple, of the
maj or stationary sources that EPA considers to be in conpliance with its air
pol lution regulations, fewer than half have been audited in any way. Only
for 5 percent of the firms has there been stack nonitoring, and just under
two-fifths have received an on-site inspection. Since many of these
i nspections are made with advance warning, available data very probably
overstate the degree of conpliance.

Wth these caveats in mnd, consider first the degree of conpliance

with the state inplenentation plans for EPA air pollution regulations. For

class Al sources of pollution (i.e., those with actual or potentia
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em ssions greater than 100 tons per year), there is 89 percent conpliance

wi th EPA st andards. 12

O the remaining 11 percent of the cases, about 4.2
percent of the firms have been found to be in violation of EPA standards,

and for many the firmis believed to be out of conpliance and a meeting with
EPA has been schedul ed.

|
®In

Conpliance with the water discharge permt programis conparable.
this area firms that are not "significant" polluters are counted as being in
compliance. The sanple is restricted to major sources of pollution, that
is, firms ranking among the |owest 15 percent in the national inventory of
wat er dischargers. Mre than 90 percent of industrial polluters in this
group are considered to be in conpliance.

The rate of conpliance of nunicipally operated facilities is nuch

14 Only about 70 percent of nunicipal dischargers were in conpliance,

| ower .
in the sense of having no significant violations. Mre than three-quarters
(77 percent) of major publicly owned secondary treatnment works had at |east
some nonconpliance, and 53 percent had viol ations considered "serious." The
greater preval ence of violations anong municipally operated facilities may
be due at least in part to EPA's general unwllingness to take enforcenent
actions against municipal governnents.

Conpliance rates for nore recently instituted EPA efforts are nuch
lower. The conpliance rates for hazardous and toxic substance regul ations
is believed to be only about 20 percent.16 This low rate reflects both the
rudi mentary stage of the programis enforcement effort and the nature of the
violation, which is often nore clandestine and |ess readily observable than,

for exanple, air pollution. In the case of asbestos removal in schools,

where a stronger constituency is present to monitor conpliance (parent and
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t eacher groups), the conpliance rates are greater (60 percent), '’ but stil
bel ow those of the longer-established air and water efforts

Overall, there is substantial, but not conplete, conpliance with EPA
regul ations. Although no study has formally shown the effectiveness of
EPA's regul atory enforcenent, from an econonic standpoint one woul d expect
the incentives created by EPA enforcement to influence the behavior of
firms. Because EPA can assess significant penalties, major, continued
violations of EPA standards are unlikely if EPA pursues |egal action against
the firm Perhaps in part because of these sanctions, nost firms are now
believed to have net the nininum technol ogical requirements inposed.
Compl i ance probl ems persist, however, in the operation of pollution control

equi prent and fluctuations in its efficacy.18

I1. The ldeal Policy Reference Point

A The Basics of Optimal Regulation

From the standpoint of economic efficiency, EPA's objective should be
to select policies that are in the best interests of society. Mre
specifically, for concreteness we will take as the objective that the
governnent shoul d maximze the difference between the benefits and costs of
the regulation, which is the net gain to society. This is a standard,
t hough not uncontroversial, result in the policy analysis Iiterature.19
Here we will assume that various policy inpacts have been stated in
conparable terms, though in practice this may be far from straightforward

Al though the benefit- cost criterion has significant econom c appeal and
is convenient analytically, it is by no neans the only approach that m ght
be used. EPA could adopt a zero risk strategy, but doing so would be

prohi bitively costly. A less extrene alternative is to find an acceptable,
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non-zero level risk and inpose that. Depending on the |evel selected, this
strategy is not necessarily inconpatible with a benefit-cost approach.
Third, EPA could nodify the benefit-cost framework to place greater weight
on the |osses to victinms of environmental risks, In particular, it might
wei ght the victinms of involuntary risks differently from voluntary risks to
take into account that conpensation is not in practice paid to pollution
victims. This absence of conpensation is the greatest shortcomng of the
standard benefit-cost approach, which inplicitly assunes that conpensation
is paid by the generators of the environmental problenms to those who suffer
the damage. Finally, EPA mght pursue a mxed strategy whereby it followed
a benefit-cost approach possibly weighted by whether the risk was
involuntary, subject to a requirement that the absolute |evel of risk not be
too great. Here we will focus on the nore standard benefit-cost criterion

Figure 1 illustrates the incremental or marginal benefits (MB) from
successive tightening of pollution control regulations as well as the
associ ated marginal costs (MJ). The narginal benefits are assumed to be a
decreasing function of the level of pollution control because the initial
reductions have the greatest inpact on health and other environnenta
consequences. Simlarly, the marginal costs of pollution control rise at an
accelerating rate as the level of pollution control increases. The nmeasures
that produce pollution reductions nost effectively are introduced first, and
further reductions are increasingly costly. An additional cost conponent
may be enforcenent costs. These costs also tend to rise with the degree of
pol lution control since the nost serious polluters can be identified nost
readily.

The optimal pollution |evel equates the marginal benefits and margina

costs of pollution control, so that the efficient level of pollution contro
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is s*. This level could be achieved in one of two ways. First, the
government could set a pollution control standard at s*. Firns would then
be required to meet this level of pollution control, presumably by an
enforcement system that requires conpliance with the standard.
Alternatively, the government could set a unit pollution tax of $v per unit
of pollution and allow firns to pick their levels of pollution. In that
case, the firmwll equate $v to its nmarginal costs on a decentralized
basis, and it wll choose s* as the optinmal |evel of pollution control

What is noteworthy is the symetry between the use of standards and
penalties as a pollution control policy. This is the principal issue
considered in the standards versus taxes literature. Al though standards
appear to be nore rigid, they will produce the sane environmental outcone as
penalties. It should be noted, however, that this equival ence assunes that
firnms' decision regarding whether or not to remain in business is the sane
with standards and taxes. Since standards give the firm sone free units of
pollution, it may be that sone inefficient firms remain in business because
they are not paying their full costs of pollution. This global incentives
issue is nuch less promnent in the literature, although it has been
di scussed by Carlton and Loury (1980).

Here our focus will be quite different. W will take as given EPA's
decision to set environnental standards at sone level s*. The question then
becones what penalty should be defined for deviations fromthe prescribed
standard level. |If EPA were to set a unit penalty at $v, it could be
assured of achieving the optinmal outcone, whatever the shape of MC. This is

the lowest unit penalty anount that can achieve the optimal outcone.
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B. Variations on the Basic Mdel

Het erogeneitv_in Cost and Benefit Levels20

Setting uniform standards and penalties is appropriate if all firns
have margi nal costs curves such as MC and if the benefits of pollution
control are identical across regions. Such uniformty is unlikely, however.
Differences in the nature and vintage of technologies will make the nmargina
costs of pollution control quite different. Meting a given water pollution
standard may cost a pulp and paper m Il nuch nore than it does a corrugated
box manufacturer. Rather than facing a single marginal cost curve, EPA may
be confronted with a wide variety of such curves that in effect are averaged
out across firns.

Differences in the benefits of pollution control also nay arise because
of differences in the size of the popul ation exposed, the nature of the
exposure (e.g., whether there are recreational facilities on the waterway),
and the level of pollution from other sources.21

If there are differences in the health consequences of pollution from
different firns, then the marginal benefit curve in Figure 1 also wll
differ. Hgher marginal benefits inply that MB will shift upward,.!|eading
to a nore stringent standard s* or a higher penalty $v than would ot herwi se
be desirable. Pollutants that affect nore people or have especially severe
consequences should be regulated nore tightly. Procedures for acconplishing
this objective for the case of benzene em ssions are outlined by N chols
(1984)..

EPA varies exposure limts for water pollutants, setting tighter
restrictions on toxic wastes than on settleable solid wastes, for exanple.
Broad geographic regions also have different air pollution control

requirenents. These differences did not arise because of differences in
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benefit |evels, however, but because of a desire to prevent degradation of
air quality in a region or perhaps to further sone political objective, such
as inposing lower costs on the industrial states of the Northeast and

I\/Idvvest.22

Overall, EPA nakes no conprehensive policy effort to attune
pollution control levels to benefit val ues.

Significant differences in the marginal costs of pollution control
shoul d also lead to differences in standards. Oder facilities typically
have higher costs of conpliance because the pollution control devices nust
be integrated into an existing technology, which is usually a nmore expensive
process than incorporating the necessary controls into the technology at the
tine of its design. Under a pollution charge system older firns would
choose higher levels of pollution than newer firms because of these
di fferences. If we wish the EPA standards to replicate the outcone of a
pollution fee system except for the difference in the effect of these
policies on firms' closedown decisions, one should set tighter regulations
for new sources of pollution than for existing sources.

EPA makes just this kind of distinction with respect to new source
performance standards for air pollution. New sources are subject to nuch
nore stringent requirements than are existing sources. Mijor cases in point
are the steel industry's total suspended particulate control requirenents
and the requirement that all new coal-fired utility boilers have
desul furization systens regardless of the sulfer content of the coal.23

Al t hough such distinctions nay have been politically rather than
economical |y notivated, they are not necessarily undesirable. The direction
of the much-benpaned "new source bias" in EPA regulations is correct. The
extent of the bias, however, nmay be excessive. The neglect of the benefits

of regulation in setting the standard for coal-fired utility boilers, for
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exanpl e, suggests that the regulation may be too stringent, i.e., the
incremental benefits of pollution control may be bel ow the costs.

Uncertainty in Benefits and Costs

The benefits and costs associated with nost EPA regulations are fairly
uncertain. The overall levels of a pollutant often vary stochastically over
time because of changing meteorol ogical conditions or variations in the
performance of pollution control equipnent.24 In addition, EPA's initial
cost estimates are often highly uncertain, particularly when the proposed
pol lution control technology is not yet in use. The cost estinmates that
appear in analyses of regulatory proposals often convey an illusory degree
of precision by failing to indicate the extent of our ignorance about |ikely
conpliance costs. For some risk regulations, the cost may be quite
different from what was envisioned initiaIIy.25

Benefits nmay also be quite different. In some cases, the benefits
depend on uncertain factors other than the regulation. This is particularly
i mportant when there is a no-risk threshhold, nonlinearities in the dose-
response relationship, or the presence of nultiple risks that are
interactive rather than additive. The benefits from reducing asbestos
exposures, for exanple, hinge on the level of cigarette snoking of those
exposed to asbestos. In some instances our uncertainty is nore fundamental
W may have sone evidence that a particular substance is potentially
carcinogenic, but have little idea of the dose-response relationship. In
this case, we should use the mean of the distribution as our guide.

The literature on uncertainty with respect to benefits and costs sheds

light on the relative performance of standards and penalty schemes in sone

extrene cases.26 If the marginal cost curve for pollution control is

relatively flat and constant, so that the principal uncertainty regards
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benefits, then standards will be nore effective than pollution fees in
ensuring the appropriate amount of pollution control. The reason is that
any snall variation in benefits, which are uncertain, will lead to a
substantial variation in the optiml amunt of pollution control if MCis
flat. Simlarly, a relatively flat narginal benefit curve coupled wth
highly uncertain nmarginal costs will nake a penalty approach superior.
Since neither extreme situation is likely to prevail in practice, the usual
recommendation is to adopt a mxed systemin the presence of uncertainty.

In general terms, the governnent now has such a mxed system EPA
enforces standards with penalties. Current policies differ fromthe
econom cal ly efficient approach in two inportant respects, however. First,
the standards are often set at levels much nmore stringent than s* in Figure
1 because of the nature of EPA's legislative nandate, as will be outlined
bel ow.  Second, the penalties now | evied are not designed to offer the
pol luter a choice as to whether to conply with the regul ation. Rather,
penalties are viewed as punitive nmeasures to conpel conpliance, wherever the
standard has been set.

The literature on regulatory uncertainty also offers some insight into
appropriate penalty levels. Spence and \Witzman (1978) advocate a penalty
| evel equal to the marginal benefits of pollution control at the current
|l evel of pollution, but Crandall (1983) correctly observes that such a
penalty will be too high unless the penalty is successively |lowered as the
firmlowers its pollution level. Near the MB-MC equilibrium however, the
penalty based on the marginal benefits is a correct strategy. A penalty
level of $v in Figure 1 is sufficient to provide incentives for efficient

pol I ution control.



20

C  Inconplete Clonpliance27

In practice, policy outcomes are not achieved sinply by issuing
regul ations. I nstead, regulations specify guidelines for firns' actions,
whi ch nust then be enforced by EPA. If enforcenent is lax, there is no
assurance that firms will conply with the regulation.

More generally, the normal approach is to assunme that firnms act in
their self-interest. The high costs of conpliance associated with very
tight regulations and particularly expensive technologies are particularly
likely to lead a firmto violate a regulation. Existing firms are thus |ess
likely to conply with a new standard, particularly if they enploy outnoded
technologies. If the cost of the EPA regulation woul d undermine the
viability of a marginal firm the firmmy decide to keep operating, in
violation of the standard, until EPA seeks to bring it into conpliance, and
then to cease operations.

In such a situation of potential nonconpliance, setting the level of a
standard has a twofold inpact. First, the stringency of the standard alters
the optimal pollution level that firms conplying with the standard wl|
select. Second, the standard level will affect the likelihood that a firm
will conply with the regulation. From the standpoint of environnmenta
quality, tightening a standard consequently wll have the effect of raising
the level of pollution control for firnms that choose to conply with the
standard, and it will increase the likelihood that the firmwll be out of
conpliance. As a result, standards do not necessarily lead to nore
pol lution control. Mreover, fromthe standpoint of economc efficiency,
tighter standards may be undesirable if they go below (i.e., to the right

of) the pollution level s* in Figure 1.
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In such a situation, penalties have a particularly inportant role to
play. Hgher penalties will nmake firms less likely to choose to violate a
standard as it is tightened, thus reducing the loss in pollution control due

to nonconpliance.

D. Constraints on Efficient Policies

Institutional Constraints on Penalties

The nost inportant institutional constraint on setting penalties is
i nposed by the statutory provisions governing civil penalties. Al though the
statutory penalty structures vary from programto program we shall focus on
two e-specially inportant ones -- those under the Federal Water Pollution
Control Act (FWPCA) and under the Clean Air Act (CAA). For present
purposes, two features of their penalty structures are especially relevant:
(1) the respective roles of agency and court in assessing penalties, and
(2) the substantive criteria that determne the penalty |levels that may be
assessed. It should be enphasized, however, that these statutory features

apply to EPA's formal penalty-assessment processes. Because nost

enforcement is actually conducted informally rather than through form
adjudi cation, EPA's gsettlenment practices, and not just its formal criteria

play an essential role in determning what penalties are actually inposed.

The Wt er Act28

Under the FWPCA, the EPA is not enpowered toassess nonetary penalties
itself; it can only seek such penalties by bring in a civil action in
court.® If EPA persuades the court that a violation has occurred, the
court may inpose a penalty on the violator of up to $10,000 per day.

(Alternatively, the agency may first merely issue an order requiring
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conpliance; if that order is violated, the agency may then seek the civil

penal ty.) 31
In deciding upon the penalty |evel under the FWPCA, the court enjoys

conplete discretion, for the statute prescribes no criteria for conputing

penalties. The court could inpose the penalty proposed by the agency or

i mpose a penalty designed to produce optinmal |evels of pollution, but it is

32 Sone courts have ruled that the civil

not confined to these alternatives.
penalty should not be viewed as the functional equivalent of a danage renedy
geared to the costs that the violator has inposed on others (although
another court presumably renmains free to take a contrary view). Rather
they have held, the penalty's purpose is to deter the offender and others
from commtting additional vioIations.33 Sonme courts, however, have gone
further and stated that the civil penalty should be used for punitive or
exenpl ary purposes, ** thereby justifying a penalty in excess of either the
violator's benefits of nonconpliance or the social costs of the prohibited
pol l ution.

In setting penalties under the FWPCA, the court may -- but need not --
be guided by the EPA's "G vil Penalty Policy," which was issued in 1978 and

3 The Gvil

is applicable to certain violators of the FWPA and the CAA
Penalty Policy enunerates four factors that are to be considered in

conputing the "mninumcivil penalty" that would typically be presented to
the court as the appropriate penalty (subject, of course, to the statutory
ceiling of $10,000 per day). The four factors are: (1) "the harmor risk
of harmto public health or the environnent”; (2) the "econom c benefit of
del ayed conpliance" gained by the violator; (3) any "recalcitrance,

defiance, or indifference" to legal requirements anounting to bad faith; and

(4) any "extraordinary" enforcenment costs borne by the governnent.
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The Penalty Policy also recognizes two mtigating factors, which may be
applied to reduce the recommended penalty |evel by that portion of the
nonconpl i ance attributable to the governnent itself, and by that portion
attributable to other factors outside the violator's control. Finally, the
m ni mum penalty may be further reduced in order to encourage settlenent; in
that event, the sum otherw se appropriate would be reduced by a factor
reflecting the likelihood that the governnent will be unsuccessful in
establishing the violation.

The EPA Penalty Policy is intended to affect three things: the amount
of the penalties sought by EPA in civil actions, the anount acceptable to
EPA in settlement of such actions, and the anmpunt recommended to the court
at trial. EPA conceives of the amounts determ ned under the policy not as
effluent charges -- payment does not entitle the payor to continue polluting

but only as deterrence designed to encourage conpliance, (O course, a
punitive element is inplicit in factor (3) above, relating to bad-faith
nonconpl i ance.) Again, however, the Penalty Policy is only advisory and
precatory; it has no binding effect on the states, the courts, or even EPA
itself. At least one state court has relied upon the Penalty Policy, but it
did so only as a discretionary natter.36

Finally, Congress in 1977 expressly denied the EPA statutory authority
under the FWPCA to inpose admnistratively automatic "nonconpliance fees"
equi valent to the economc benefits of nonconpliance. Al thought the Senate
added such a provision, it was deleted in conference as "unnecessary," in
part (Senator Muskie said) because the EPA remained free to continue its
enforcement strategy of seeking court-inposed penalties calibrated to the
econoni ¢ benefit of nonconpliance, a strategy that Miskie said enbodied

congressional intent. 37
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In sum the EPA does not control penalty-setting under the FWPCA. |t
does, however, influence penalty levels through its settlenent actions and
its proposals for court-inposed penalties, both of which are guided by an
explicit, published Penalty Policy that places great (but not exclusive)
wei ght on the econonmic criteria of pollution costs to society and
nonconpl i ance benefits to violators (at least up to the statutory ceiling of
$1 0 000 per day). It would require new legislation to confer authority on
the agency to assess penalties by itself, or to constrain the criteria
enpl oyed by courts in setting penalty |evels.

The Cean Ar Act38

In contrast, the statutory penalty structure under the CAA is highly
articulated and prescribes a central role for the EPA.  Wth respect to nost
categories of CAA violations, the EPA is authorized by the CAAto bring a
civil action to recover a court-inposed "nonconpliance penalty" or,
alternatively, to inpose penalties admnistratively, i.e., without going to
court. 39

The CAA is silent concerning how a court is to deternmine the actua
level of a civil penalty. But_ the statute does prescribe a criterion for
the | evel of the nonconpliance penalty: "no less than the econom c val ue
which a delay in conpliance beyond July 1, 1979, may have for the owner of
such source, including the quarterly equivalent of the capital costs of
conmpl i ance and debt service over a normal anortization period, not to exceed
ten years, operation and maintenance costs foregone as a result of

nonconpl i ance, and any additional econom c value, which such a delay may

have for the owner or operator of such source. . . ." Fromthis sumnust be



25

subtracted any conpliance expenditures already made by the owner or
40

oper at or

This criterion has a nunber of noteworthy features. First, it is
explicitly economc, defined by the nonconpliance benefits gained by the
owner or operator of the offending source. Second, this EPA-assessed
penalty is not subject to any statutory ceiling on amount, while court-
assessed penalties are confined by the CAA to a maxi mum of $25,000 per

41 Third, the CAA does not sinply permt the EPA to assess

day.
nonconpl i ance penalties; it appears to _nmandate their inposition. The
statutory |anguage provides that "the State or the Admnistrator shall,
assess and collect a nonconpliance penalty against every person who owns or
operates" one of the enunerated stationary source categories.42 Mor eover,
these stationary source categories are quite clearly and conprehensively
defined; they are subject to only a few, narrow y-drawn exceptions.43
Fourth, the amount of the penalty that the EPA is to assess is not
discretionary; instead, it may be "no less than" the economc benefit of
nonconpl i ance, as defined in the statute and conformng regulations.44
Finally, the penalty structure discourages dilatory |egal challenges by
polluters by providing that the penalties continue to accurmulate while
unsuccessful court appeals are pending.45

In 1980, the EPA issued regulations to inplenment the CAA' s
nonconpl i ance penalty provisions.46 In relevant part, the regulations

require the owner or operator of a source that has received a notice of

nonconpl i ance from the EPA to calcuate the penalty in accordance with EPA

instructions and criteria. The EPA's economi ¢ nodel, described in the

Federal Register., provides these criteria. It takes into account two of

the three statutory conponents of the nonconpliance benefits to the polluter
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upon which the penalty is to be based -- the capital costs avoided, and the
operation and maintenance costs avoided. The third statutory conponent --
"any additional economc value" resulting fromthe del ayed conpliance -- is

47

excluded fromthe nodel as inpossible to calculate. The EPA regul ati ons,

and their underlying nethodol ogy, were challenged in the courts and were

uphel d by the U.S. Court of Appeals for the District of Colunbia CGrcuit in

1983. 48

Constraints on Standards and Their Enforcenent

Setting penalties or standards to produce optimal |evels of pollution
control is not a policy option that EPA officials now have. Mbst inportant
is that the legislative mandates for the different prograns often define the
nature of the policy choice process as one that is quite different from
maxi m zing the difference between the benefits and costs.

EPA is often clearly prohibited from setting regulatory standards in a
manner that equates the marginal benefits and nmarginal costs. |n extrene
instances, legislation nmay forbid EPA to consider costs at all. For
exanple, in setting ambient air quality standards under the Cean Ar Act,
EPA is prohibited fromtaking cost considerations into account. EPA does,
however, routinely take into account the "affordability"” of its regulations,
as there is a deliberate effort to avoid shutting down industries, except in
extrene cases.

EPA has considerably nmore flexibility with respect to penalties. The
upper limts on penalties are quite high and unlikely to be binding in nost
cases. There are no |ower penalty limts.

These penalties coul d perhaps function as a pollution tax, to be paid

if the firmchooses to pollute. A though nmany EPA officials regard
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penalties as a nmeans for ensuring conpliance, this view may stemprimrily
from agency tradition. In practice, EPA has many quite flexible penalty
systens, but they are not identified as such.49 The experinmental marketable
pol lution rights schene (or pollution reduction credits), which enables
firns to trade pollution rights, in effect establishes a market for
pol lution, by inposing a pollution tax (i.e., the price of the credits) on
all firms that purchase such credits. Al though an overall pollution
standard for which firms may purchase rights up to that overall standard
preserves the image of a standards-based policy, the role of the standard is
really not essential. As was shown above, standards and pollution fee
systens sinply approach the same problemin different manners.

QG her related EPA policies also take a market approach to pollution.
For exanple, firns can "bank" their em ssions reduction credits, carrying
over to future years the rights to pollution they were allowed in the past.
The EPA "bubble" policy also offers sone flexibility by allowing firns to
trade air pollution rights internally, for exanple, by reducing emssions at
one snokestack and increasing emssions from another.

As indicated above, sone penalties are sinply beyond EPA' s control
For many civil and crimnal sanctions, EPA nust have the courts assess the
penal ties, where these cases are litigated by the U S. Departnent of
Justice. In these instances, EPA can recomrend appropriate penalties, but
it has less discretion than it would were the penalty systementirely under

its admnistrative control
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IIl. Setting Penalties for Efficient Standards
A Continual, Perfect Mnitoring

In the sinplest case for EPA penalty setting, the standards have been
set at efficient levels (i.e., at the pertinent s* value in Figure 1) and
EPA is always aware of firms' conpliance status. The assunption of perfect
monitoring is especially unrealistic because of the inherent difficulties of
ascertaining whether the thousands of firms in each state are in conpliance
with the various EPA regulations. Candestine disposal of toxic materials
is particularly difficult to monitor

In this section, we will begin by assuming the perfect nonitoring case
Then we will analyze how the results change when nonitoring difficulties are
i ntroduced.

If the EPA standards are set at the ideal level s*, the only function
of the penalty systemis to produce conpliance with the standard. The unit
penalty v* for any deviations from conpliance is the |owest penalty that
will ensure that firns take the needed actions. Any lower penalty wll be
exceeded by the marginal costs of pollution control for at |east sone |eve
of pollution in excess of the allowabl e anount.

At the extrene, one could inpose an arbitrarily large penalty on
violations of the standard. But penalties larger than $v will have no
influence on firnms' choice of a pollution level. Punitive penalties that
simply transfer resources fromviolating firns to EPA have no legitinate
econonmi ¢ basis and are likely to neet with considerable resistance.
Nevert hel ess, the governnent may wish to set a penalty in excess of the
damage in order to punish the wongdoers and establish effective incentives
for conpliance. Extreme penalty |evels would, however, be perceived as

unfair.
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Even if EPA can nonitor firms' actions perfectly and adm nister
efficient penalties, firms will not always be in conpliance. Conpliance
with a standard is a stochastic event that hinges on a variety of uncertain
factors, such as the level of plant operations, equipment failure, and
weat her conditions. A penalty system severe enough to force universa
continuous conpliance would clearly be undesirable.

Probl ematic performance of pollution control equipnent and ot her
pol lution-related factors can be dimnished in terms of their inportance,
but often at a substantial cost. Cearly EPA should insist on a certain
level of reliability in firms' pollution control. But as in setting the
standard itself, EPA needs to consider the overall inpact of greater
reliability on the firms likelihood of conpliance. Geater pollution
control benefits will result fromincreased conpliance, but the costs of the
greater reliability will also be greater. The ideal solution will strike a
bal ance between these conpeting factors by allowi ng some occasional chance
of nonconpliance. W should encourage firns to take the measures needed for
conpliance, but we need not inpose harsh penalties for a random i nadequacy

in the pollution control equipnent.

B. I nperfect Monitoring

EPA has a variety of sources of information on firms' conpliance
status, including data supplied by firms and information gathered by the
agency itself. In each case, however, there are substantial gaps in EPA's
know edge. In reporting their water pollution discharges, firms may report
their minimum figures when averages are requested, or average anounts

i nstead of maxi mum di scharges. Even inspections by EPA are subject to
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error, depending on conditions on the particular day of the inspection and
t he thoroughness of the inspection.

Suppose there is sone chance p that EPA will discover a particular
viol ation. If firms are risk neutral, then EPA can mx penalties and
imperfect nonitoring to achieve the sane results attainable under perfect
monitoring by setting the penalty level at $v/p. For exanple, if $v is
$5,000 with perfect monitoring, it would be $10,000 for a p value of 0.5 and
$50,000 for a p value of 0.1. In each case firms will face an expected
penalty (i.e., probability of inspection multiplied by the size of the
penalty) that is sufficient to lead themto choose s*.

Since it is costly to increase the probability p of identifying a
violation, the ideal enforcenment strategy is clear.50 EPA shoul d reduce its
enforcenment budget to an extremely low | evel and then raise penalties to an
arbitrarily large anount. This solution would be ideal if firms were risk-
neutral, but for extrenely large penalties firns will be sensitive to the
risk of a severe fine. The presence of risk aversion consequently wl|
| ower the optimal penalty |evel

Fairness is a related concern. Covernnent prograns have a need for
legitimacy, particularly since w despread perception that a regulation is
bei ng adm nistered capriciously may undermne the credibility of the
enforcenent effort. The firmfacing a large penalty could justifiably argue
that if EPA s enforcement effort were nore effective it would face a | ower
penalty since the probability of detection would be greater, reducing $v/p.
The firm should not be fully responsible for the [ow probability of
inspection. A loss of credibility frominappropriate penalties may
influence reform of the agency's enabling legislation, its budget, and the

degree to which public know edge of a violation itself serves as a sanction.
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Presumably, as in many judicial contexts, the size of the penalty shoul d
bear sone relation to the anount of harm done. A firm causing $5,000 in
environmental damages clearly should not be penalized $5 mllion, no matter
how smal | EPA's likelihood of discovering the violation.

Two kinds of legal constraints also bear on penalty levels. First,
certain limts are inposed by the enabling legislation for specific EPA
progranms. Second, a firm can reorganize or declare bankruptcy to limt its
losses if the penalties becone particularly severe. This problem has
received nost attention in connection with the product liability clainms for

51

asbestos victins; it could arise with respect to particularly severe

regul atory penalties as well.

C Het erogeneity in Penalty Levels

Under ideal conditions an EPA standard should vary wth margina
benefit and nmarginal cost levels at a particular firm The unit penalty
|l evel $v needed to ensure efficient conpliance would al so vary.

Because the optimal penalty depends on the marginal benefits at the
optinmal level of pollution, one would expect the amount of the penalty to
increase wth the size of the exposed popul ation, the degree of exposure, or
the severity of the health outcome. Simlarly, it is efficient to relax
standards when marginal costs of conpliance are high. If oneis trying to
replicate with penalties the outcome under a standard based on the firms
speci fic marginal benefits and marginal costs, then the optimal unit penalty
shoul d al so be reduced when narginal costs are high, since the appropriate
pol lution control objective in the presence of high conpliance costs wll be

|l ess. EPA consequently should set |ower penalties for older firms or for
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firms where conpliance involves a major transfornmation of the technol ogy

rather than, for exanple, an end-of-pipe water pollution control neasure.

V. Optimal Penalties with Inefficient Standards

In the usual case, EPA bases penalties on risk mnimzation concerns
rather than on a conparison of benefits and costs. As a result, the
standards often may be too tight based solely on econonmic efficiency
grounds. Al though EPA may wish to enforce such standards at the levels at
whi ch they have been set, it may be that the agency has a broader policy
objective. The standards may have been set in an earlier period when there
was | ess concern for the need for balanced policies because the linmts on
our resources for reducing risk were not well understood. Alternatively,
EPA policynakers may be fully cognizant that the standard is too stringent
from the standpoint of economc efficiency, but they nay neverthel ess wish
to enforce such stringent regul ations because of other policy objectives,
such as a desire to prevent people from being exposed to ngjor risks.
Overly stringent regulations also can be enforced selectively by inposing
substantial penalties for large violators and perhaps ignoring snall
violations altogether. Here we will outline possible approaches to-setting
penalties that depend on one's particular policy objective.

Figure 2 illustrates the case of inefficiently stringent standards:
s** rather than s*. Wiat penalty should EPA set for violations of this
standard? Here we will focus on unit penalties based on the extent of the
deviation fromthe value of s**. In addition, we will ignore problenms of
the probabilistic nmonitoring of conpliance status.

Wth efficient standards, penalties are keyed to the marginal benefit

of pollution reduction. Firnms then have an incentive to balance their costs
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agai nst the benefits to society, thus internalizing the benefit-cost
tradeoff on a decentralized basis. Once EPA sets standards that diverge
fromthis efficient level, the conceptual foundation for setting penalties
beconmes distorted

The five key points that will be discussed are narked A through E on
the diagram In each case, the discussion will pertain to the value al ong
the vertical axis for each point, which represents the dollar value of
either the marginal benefit curve or the marginal cost curve at the point.

The firms nmarginal costs of additional pollution renoval are given at
point Ein Figure 2. Any unit penalty anount above this level will lead the
firmto augment its pollution reduction effort. Suppose the penalty is set
at the level of point C, as in the efficient standards case. The firmwll
invest in pollution reduction up to s*, and it will pay a unit penalty based
on C for the discrepancy between the s** and s* |evels of pollution control.
In effect, EPA will be transformng an inefficiently stringent standard into
an efficient one, with the only difference being that EPA collects a
pollution tax for pollution reductions bel ow s**.

Although a firmat point Cis not in conpliance with the standard, EPA
need not classify such deviations as significant nonconpliance and need take
no enforcenent action beyond continued penalties. The penalties collected
coul d be used to support nore cost-effective government policies.

Establishing a unit penalty level only for deviations from a standard
s** has the additional benefit of being less costly to a firmthan a sinple
pol I ution tax52 based on the firms entire pollution. In effect, firns get
the pollution levels between s** and full cleanup for nothing.

Firms that renove pollution up to level s* will reach the

nonsi gni fi cant violator category and pay only nonpunitive penalties. Wat
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shoul d be done about recalcitrant firns that fail to meet this pollution
control level? Their own econom c self-interest should |ead themto make
the needed investment if any penalty C or greater is inposed. [f pollution
reduction up to s* does not occur, it may be that the firm s marginal cost
of conpliance has been underestimat ed.

Q her penalty levels based on the nmarginal benefits of pollution
control have little potential role to play. Penalties set at A which is
the marginal benefit of pollution control at current pollution |level, wll
lead to pollution cleanup beyond s* and, depending on the shape of the MB
and MC curves, may inpose a unit penalty higher than needed to ensure
conpl ete conpliance at s*, since A my |lie above B. Simlarly, the margina
benefit value at s*, which is given by point D, will not even lead to
efficient degrees of pollution reduction at C  Indeed, D nmay lie below E,
in which case firnms would not alter their level of pollution control at all
in response to the penalties.

If the standard itself is not set at the efficient policy level, basing
the penalty level on pollution reduction benefits is not a particularly
useful approach to enforcement. Incorporating benefit concerns into the
penalty setting process will create a different enphasis fromthat of the
original standard, which ignored benefit-cost tradeoffs.

Unit penalties for nonconpliance linked to point B will be sufficient
to induce conpliance at s**. Since the MC curve |ies above MB for al
points to the right of point C, no benefit-based neasure could lead to a
pol lution |evel such as B.

Wiile Brepresents the [owest unit penaity that will induce conpliance,
there is a cheaper penalty structure that will have the same result. |f EPA

penalizes firms for the cost savings from nonconpliance, which is the area
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under ECB, then the econom c incentive for nonconpliance will be renoved and
firms will pick s**. The total cost to the firmwll be less than if the
firmhad paid a unit penalty B for its violation anount s** - s*.

The cost savings to the firm or what EPA terns the benefits of

3 This

nonconpliance, is a promnent nmeasure used in EPA penalty setting.
approach is in many respects well grounded if one's objective is to attain
conpliance at s**, a level beyond the efficient degree of control

The EPA benefits-of-nonconpliance approach has been defended on the
ground that if benefits and costs are closely correlated, the EPA policy may

>4 Such a

produce an outcome simlar to that of an ideal pollution tax.
rationalization of EPA's policies msses their fundanental difference from
an efficient penalty approach. The marginal incentives for pollution
control under the EPA benefits-of-nonconpliance approach will lead to
pollution control up to point B, whereas efficient penalties will lead firns
to nove only to C  \Wether the total penalty for nonconpliance is higher or
| ower for the cost-based or efficient penalty approach is not the major
issue. A firmat s* may pay nore or |ess penalty under an efficient unit
penal ty than under a cost-based penalty. The fundanmental issue is how the
incentives are structured for inprovenents in pollution control beyond s*
and for the level of pollution control ultimtely selected.

If the policy intent is truly to pronote pollution control up to s**,
then the cost gains from nonconpliance are a sound basis for policy. But
such an outcome is not a good approxi mation of what would happen if
penalties were set at efficient levels. That outcome is quite different and
can be achieved by penalties set according to the marginal benefits of
nonconpl i ance at the efficient standard level s*. Coupling an overly

stringent standard s** with efficient penalties is an attractive policy for
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pronoting efficient enforcement, since the effective pollution tax is |ess
than if firms had to pay for all their pollution, rather than only that
above the standard.

It is- also possible to set a standard that is not stringent enough. |In
that case, little can be acconplished through a penalty system for
nonconpliance. Once a firmneets the standard, it presumably cannot be
penalized. The standard itself would have to be changed to induce the firm
to move to an efficient level of pollution control.

Because the penalty policy can renedy the shortcom ngs of overly
stringent standards but not overly |oose standards, one mght envision the
foll owi ng approach to policy design. Optimal environnental policies are
uncertain and are evolving over time. EPA can hedge agai nst these risks by
adopting very tight standards and adjusting the penalty level for violations
to accommodate changing policy needs. Such revisions should not be erratic,
however, because of the costs that uncertain regulatory policies inmpose on
firms. >

Such a policy mix would be appropriate if, as seens likely, there is
greater flexibility in setting penalties than in revising standards.
Standards cannot be altered w thout a |engthy rul emaki ng process, whereas
penalty levels are set administratively or by the courts. Simlarly, permt
l evels for particular firms tend to becone property rights that are
difficult to reduce. |In practice, however, both penalties and standards are
likely to be difficult to vary over time because of political and
adm ni strative constraints. The agency's greatest leeway is with respect to
both the strictness of inspections and prosecution and the targeting of

these efforts. Despite their rigidity, standards may offer substantia
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flexibility through manipulation of the level and direction of the

enforcenent effort.

V. Qperational Problens
A I nformation Problens

Basi ng EPA penalties on either the costs or the benefits of
nonconpl i ance requires at |least some information on what these values are.
Yet these anounts nay vary by firmand nay not be readily attainable by EPA

In the case of benefits-based penalties, EPA nust first ascertain the
amount of the firms pollution and its difference fromthe standard. \Water
pol lution anounts must be reported regularly to EPA in discharge nonitoring
reports. The level of the discharge can then be compared with the permt
level to ascertain the extent of nonconpliance. At the other extreng,
firms' disposal of toxic chenmicals is seldomreported and can usually be
identified only for particular cases of extreme violations.

Once the extent of the violation is known, EPA nust ascertain its
benefit value, which typically means society's willingness to pay for the
benefit. Because environnental anenities are not bought and sold in the
mar ket pl ace, econom sts have sought nore ingenious means for ascertaining
such values. One approach is to analyze inplicit valuations in narket
transactions. Peopl e do not purchase air pollution reductions, but they do
buy houses whose property values are affected by the degree of pollution.
Simlarly, we do not purchase life extension reductions, but workers do
recei ve additional wages for job risks, thus establishing the rate of
tradeof f.

If no convenient narket reference point exists, one can simulate a

mar ket through contingent valuations, that is, by asking people how nuch
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they woul d pay for certain attributes if such a nmarket did exist. 56 In this

way one can attenpt to value attributes ranging fromgreater visibility at
national parks to the value of preventing a child poisoning froma

pesticide. The recent spate of research on benefits sponsored in large part
by the EPA Benefits Ofice suggests that such issues are now considered nore
tractable than they were a decade ago.

Cost - based neasures for assessing penalties do not elimnate all of the
difficulties associated with selecting the penalty level, but shift
attention to a new class of concerns. Costs of conpliance are perhaps
easiest to assess if the firmneeds only to purchase sone well-specified
add-on technol ogy, such as end-of-pipe treatnent equipment. Although
computation of the penalty is conplicated by investment tax credits, the
role of depreciation, and simlar factors, the task is anmenable to fairly
preci se anal ysi s.

In the usual cases, however, the required inprovenments denmand some
modi fications within the firms technology. Operating conditions may also
have to change if the firmis to nmeet the standard. Assessnent of the costs
of conpliance in such instances may require detailed firmspecific
knowl edge.  One possible solution is to adopt a truth-inducing mechani sm
whereby firns nust report these costs subject to a penalty if the actual
costs deviate too much fromthose that are stated. For a benefits-based
penalty, the major uncertainty is not firmspecific but pertains to genera
i ssues such as the value of preventing a case of cancer.

Wi ch policy approach involves nore informational difficulties is not
at all clear-cut. Mre fundanentally, it nakes little sense to adopt an
inferior approach to setting penalties for pragmatic reasons. In effect,

one woul d be neasuring an incorrect penalty neasure precisely rather than
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the correct penalty value less precisely. In addition, the extent of EPA's
know edge depends in part on the policy approach that is adopted, since this
will affect the focus of the field stff's efforts and the research funded by
EPA

Though it is inportant to recognize the information problems that wll
be encountered, the choice of EPA s policy approach to penalties should turn

on nore fundanental concerns, such as those raised in Section 4.

B. Legal ity and Legitinacy

The penalty structure nust be legally feasible and must be generally
viewed as a legitimate approach. Neither consideration will determne the
choi ce between penalty policies discussed here.

Legal |y, EPA has upper linmits on the penalties it can set, but it is by
no means required to set penalties to ensure full conpliance. The agency
al ready distinguishes between significant and insignificant violations.
Moreover, it has adopted a variety of innovative regulatory approaches,
such as tradeable pollution permts, that are in the spirit of a pollution
fee approach. There are no legal barriers to pollution fees, although the
EPA tradition has |eaned toward punitive fines to ensure conpliance.

Nei t her penalties designed to ensure efficient pollution control nor
t hose designed to ensure conpliance can be rejected on |egitimcy grounds.
In the case of pollution fees, the penalty is linked to the harm done to
society, a concept with a long history in the Anerican |egal system
Penalties based on the firms gains from nonconpliance will also seem
legitimate in a society that wishes to prevent firns fromprofiting from

violations of its regulations.
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Overall, the choice between penalties for efficient pollution and
penalties to ensure conpliance will have little effect on the legality or
| egitimacy of EPA actions. The principal issue at stake is what enphasis

EPA wi shes its policy to have.

VI.  Concl usion

In setting the penalty level, two fundanental approaches are possible.
First, one could set the penalty so as to remove the economc gain to the
firmfromnonconpliance. The manner in which EPA now sets penalties to
accomplish this objective is a relatively attractive approach if the
objective is to pronote conpliance. An alternative is to inpose benefits-
based penalties for deviations froma standard. Such a policy can induce
efficient degrees of conpliance and will be less costly than a standard
polution fee system since the firmpays only for pollution in excess of the
standard. Under such a system coupling penalties with "overly stringent"”
standards is an attractive policy mx. Wich policy approach is preferable
depends on whether EPA' s objective is to ensure full conpliance or to
pronote efficient degrees of conpliance that recognize the tradeoffs
involved. In either case, the penalty structure alone can be a significant

instrument for achieving EPA's policy objectives.
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Federal Register, Vol. 49, No. 193 (1984), p. 39064.

\Msser man (1984), p. IV-14.
%I bid., pp. VI-18 to VI-19.
‘Ibid., p. 1V-20.

Slbid:, p. 1V-20.

Sbid., p 1ve22,

"Ibid,, p. 1V-20.
8 bid., p. WI-24
*Ibid., p. WI-25.
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These data are based on unpublished EPA conputer printouts generated
fromthe case file for this study.

“Orandal | (1983), p. 29.

12These data, from Wasserman (1984), p. VI-5, are for 1983, but the
results for 1984 are simlar except that detailed breakdowns for the
composi tion of the nonconplying set of firms are not avail able.

13The data bel ow are based on \Wasserman (1984), p. VI-6.

14 bid., p -7
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pidg., p v-o.
7 bid,

18

Russell, Harrington, and Vaughan (1985).

19See St okey and Zeckhauser (1978) for a general treatment, Baunmol and

Cates (1979) for an environmental policy discussion, and Chapter 7 of
Viscusi (1983) for a series of exanples from GSHA policy.

20The devel opment in this subsection is based in part on Viscusi and
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Zeckhauser (1979).
len sone cases, the heterogeneity in the benefits of pollution
reduction can be elinmnated fromthe analysis through appropriate scaling of
the pollution control netric. Rather than have the horizontal axis in
Figure 1 be the amount of pollution control, one could use as th scale the
nunber of cases of cancer prevented or sone other appropriate health
outcome. In that instance, there is nmore likely to be much greater
uniformty across firns' benefits of pollution control. Such a
reformul ation also recasts the nature of the penalty-setting process so that
there is no real gain fromredefining the problemin this nmanner
’Robert Crandal | (1983).
®Ibid,, pp. 39-44.
24'See Russel |, Harrington, and Vaughan (1985) and Watson and Downi ng
(1976) for discussion of the variations in the efficacy of pollution
control
25See the discussion in Viscusi (1985) of the substantial overstatenent
of the costs of the OSHA cotton dust standard.

26See Weitzman (1974), Roberts and Spence (1976), Spence and Witzman

(1978), and Crandal | (1983).

27This section is based on the results in Viscusi and Zeckhauser

(1979).

2833 U.S.C. Section 1251 et seq,

2933 U.S.C. Section 1319(h).
3033 Uu's.c Section 1319(d).

3133 U.S.C. Section 1319(a)(3).
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3545 Fed. Reg. 50110 (1980), codified at 40 CF.R Part 66 (1980).

368t ate ex rel. Brown v. Dayton Malleable, Inc., supra.

37See 1977 Legislative Hstory, vol. 3, at 476-7 (1978).

3842 U.S.C Section 7401 et seq. (1977).

%942 U S.C Section 7420(a)(2) (1977).
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used for air pollution.
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Setting Optimal Regul ations
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Penalties with Overly Stringent Standards
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. Introduction

Risks differ not only in ternms of their nmagnitude and their welfare
inplications, but also in terms of the process by which individuals incur
the risk. At one extreme, the decision to bear the risk may be the
consequence of an entirely voluntary market tranaction. A worker who is
fully cognizant of job risks will receive additional wage prem uns that
restore his alternative utility level, and new purchasers of homes |ocated
near airports will require a price differential to conpensate for the

addi tional noise pollution. In the case of job risks the party generating

the risk is involved in the transaction, creating market incentives for
safety, whereas in the airport exanple the airport does not bear the cost of
the externalities generated. |In each case, the individuals bearing the risk
are conpensated, although the original homeowners who were present before
the airport was built will suffer a loss fromthe decline in property
vaIues.1 Once the individual has noved near the airport and been
conpensated, his welfare will be reduced by each successive increment in the
noi se level, however. Moreover, the narket serves a constructive function
in leading those |ess sensitive to noise to sort thenselves into |iving near
the airport.

In contrast, for risks that are entirely involuntary there is no

explicit or inplicit conpensation for the risk. Indeed, it is this absence
of the market that is a driving force behind governnment intervention based
on market failures. In this paper we will explore various consequences of
the absence of market transactions for involuntary risks as well as the

specific characteristics of the regulation of these risks



The voluntary/involuntary risk dichotonmy will greatly facilitate the
analysis, but it should be understood that there is a continuum of such
cases.2 I ndi vidual know edge pertaining to market traded risks may be
i nperfect, possibly inmpeding the efficacy of nmarket transactions, but
neverthel ess being sufficiently correlated with the true risk that the
market plays a constructive role. Simlarly, there may be transaction Costs
to individual nobility that limt the degree of effective choice that
individual s may have. For instances that fall between the extrene
situations of conpletely voluntary and totally involuntary risks the
di scussion below can be nodified appropriately.

The only truly voluntary risks are those for which there is no capita
conponent. Wth jobs there is an involuntary aspect to the extent that
there is a cost of switching jobs. |If jobs worked as a daily spot narket
those concerns woul d be less prominent than if seniority and other
i npedi menta to nobility play a promnent role.

That involuntary risks are more likely to be candidates for governnent
intervention is not a surprising observation. What we will consider is the
related issue of how stringently these risks should be regulated, given that
the government has decided to regulate the particular risk. In terns of the
target risk level that it is optimal for the government to enforce through
its regulations, should a distinction be nade between voluntary and
involuntary risks? This distinction is much different from whether the
amount of risk reduction should be greater for involuntary risks. The
absence of a market makes the differences between the observed risk |eve
and the target risk level after regulation greater for involuntary risks, so

that even if the target risk level is unaffected the amount of risk



reduction will differ. \Wat we will suggest is that for a diverse set of
reasons based on both efficiency and equity grounds not only will the
optimal degree of risk reduction for involuntary risks be greater than for
an equal voluntary risk, but the optinal post regulation risk level wll be
| ower as well.

There are three classes of reasons why we should differentiate the
treatment of voluntary and involuntary risks: the mx of individuals bearing
the risk differs, equity considerations may be of consequence, and there may
be inadequacies in both the structure and the enforcement of regulatory
Policies. Wat is most striking is that all of the various influences cited

suggest that more stringent regulation of involuntary risks is warranted.

[, Differences in the Valuations of Risk Reductions

Het erogeneity of R sk Pref erences®

Fol l owing the standard principles of policy analysis, the value of
reducing a particular risk is society’s willingness to pay for the risk
reduction of all menbers of society. A chief conponent of this measure will
be the willingness to pay of the individual directly affected by the risk.

In general this value will differ between involuntary and voluntary risks

because the group of individuals choosing to incur risks on a voluntary

basis will have different risk dollar trade offs

In particular, in the case of voluntary risks one would expect those
with conparatively low values of life to self select thenselves into the
hi gher risk pursuits. Enpirical results for fatal job risks suggest that

workers in high risk jobs with annual death risks on the order of 1 in 1000



have inplicit values of life reflected in their wage risk tradeoffs of
$600,000.* |n contrast, workers in typical blue collar jobs with a risk of
1 in 10,000 have a value of life of averaging $3.5 mllion, and workers in
safe jobs have a value of life on the order of $61O mllion.

The diversity of these estinmates suggests that there may be quite
substantial differences in the willingness to pay for the reduction of
voluntary and involuntary risks. If the voluntary risks are nontrivial, the
nature of the self selection process generating the mx of persons bearing
the risk inplies that they will tend to be borne by individuals on the |ow
end of the value of life spectrum Involuntary risks are spread across the
entire population so that the appropriate value of life will reflect a
wei ghted average of these individual valuations, which will generally be
hi gher than the average valuation of individuals who have knowi ngly decided
to accept substantial risks.

If individuals’ values of life were uniforny distributed across the
popul ation, the value of life of the nedian individual would be the
appropriate benefits neasure. Enpirical evidence suggests, however, that
the distribution of values of life consists of a bottom quartile of the
Popul ation with low values of life and the remaining three& ourths of the
popul ati on who have simlar values of life but which are higher than those
in the bottomquartile. As a result, for involuntary risks the value of

life of the median individual will tend to overstate the average val ue of

life for the population affected by an involuntary risk. This amount in

turn will be greater than the value that would pertain to voluntary risks.

Because of the nature of the job risk data on which these calculations are



based, there may be even nore heterogeneity among the affluent segment of
the popul ation than has previously been estimated.

Recognition of variations in wllingness to pay for risk reduction
sidesteps an inportant inconme redistribution issue. It may, for exanple, be
efficient to reduce air pollution in affluent areas but not in poor areas
because of differences in benefit valuation. This procedure would be
clearly desirable if in fact cash conpensation were paid to the poor in |ieu
of greater risk reduction. Targeting policies on the basis of differences
in benefit valuations across income classes is only conmpelling if incone

redistribution efforts or the progressivity of the tax systemis designed to

take into account this differential enphasis.

Difference in Attitudes toward Involuntary R sks

Al though the usual assunption in the risk literature is that
i ndi vidual s have given risk preferences that are unaffected by whether or
not there is a market transaction leading to the inposition of the risk
voluntarily, attitudes toward risk bearing may be quite different depending

on whether there is such a transaction leading to explicit or inplicit

conpensation for the risk.
The individual bearing a given risk may be willing to do so for sone

addi ti onal conpensation, but if he does not receive this conpensation his
Wlfare loss may be nore than this anount. Mre specifically, the
importance of the process by which economic outcones are generated may have

a significant bearing on the associated welfare inplications of a particular
risk. Because there is no conpensation for involuntary risks, the absence

O a process that maintains the individual's welfare |evel through a market



transaction may itself be viewed as an attribute of the risk that enters the

individual's utility function. W live in a society that believes that
exchange should be voluntary, and this principle pertains to risks as well.
The degree of volition and conpensation for the risk is likely to be a
Particularly pertinent concern influencing general externalities to society
at large. One would expect that society's altruistic concerns with respect
to individuals affected by a hazard to be much stronger if the risk is being
i nposed voluntarily. In contrast, if workers are receiving substantia
hazard pay that is sufficient to maintain their level of utility at the no

risk level, then they are suffering no welfare loss. Atruism regarding

persons bearing risks that inpose no welfare loss on the victim because of
the presence of risk conpensation may be viewed entirely differently than
involuntary risks for which there is no conpensation and an expected welfare
| 0ss.

In terns of enpirical predictions, one would expect public support for
efforts to make cigarette smoking safer (by, for exanple, discouraging the
smoking of cigarettes or restricting their use) to be less than the efforts
to pronote food safety. Such distinctions are evident in the enphasis of
governnent policies.

As a result, the risk dollar tradeoffs pertaining to involuntary risk
shoul d be higher for two general classes of reasons. First, the mx of
individuals affected by the risk will tend to have higher risk valuations on
average. Second, both for the individual bearing the risk and society's
general concerns with respect to the absence of a market transaction and the

paynent of conpensation leads to a higher valuation of involuntary risks.



This latter factor can be viewed as concern with the security of the

contract for the one area we may well value the nost hunan health

II'l.  Equity Concerns

Conventional Equity

A Possi bl e objective of any governnment programin a second best world
of inadequate cash transfers is to pronote income redistribution. If risks
hurt the poor, lowering their welfare, we may choose to regulate these risks
more stringently as a formof in kind redistribution.

In the case of involuntary risks, the potential role for risk
regulation as a formof redistribution is relatively clear. Mre stringent
regulations will reduce the risk that is inposed, enhancing the expected
health of the affected individuals. Because there is no conpensation for
the risk, the beneficiary’s welfare will be unanbi guously enhanced by the
regul ation.

The desirability of risk regulation as a redistributive nechanism for
voluntary risks is much less pronounced. The reduction of the risk leads to
an expected inprovement in health, as with voluntary risks, but it will also
elimnate the market conpensation for the risk. As a result, the financia

resources of the affected parties will be reduced, which will always

dimnish the usefulness of risk regulation as a redistributive mechani sm
I ndeed, from the standpoint of the individuals accepting a risk

voluntarily, their expected welfare levels will be reduced by the presence

of a risk regulation. Fromthis standpoint, the regulation is elininating

the possibility of a market transaction that they found attractive. Al the



very mninumthey were indifferent to bearing the risk and for those earning
econonmic rents fromthe voluntary risk there will be a perceived welfare
loss fromthe risk regulation.

It may be that the individuals' perceptions of the risk are erroneous,
so that using the true probabilities a regulation may boost their actua
expected welfare level. Nevertheless, the reduction in conpensation for a
risk incurred voluntarily will tend to nmake regulation of voluntary risks

| ess desirable than conparable regul ation of involuntary risks

Making the Victim Wole: Torts Concepts

The typical objective of conpensation in US. accident law is to make
t he victimwhole.5 The econonmic analog of this torts concept is to provide
sufficient conpensation to restore the individual’s utility level. A though
courts by their very nature provide ex post conpensation after an injury has
Cccurred, it may also be the case that individual welfare is restored on an
ex ante basis. \Wage conpensation for job risks promotes individuals’
expected utility on an ex ante basis, whereas workers’ conpensation is a
form of ex post conpensation

In the case of voluntary risks, the individual bearing the risk has
recei ved conpensation on an ex _ante basis sufficient to give himthe sane
expected welfare Ievel that he would have had if he had not borne the risk
In effect, his expected |osses have been nade whole ex ante. After the
fact, depending on whether he is fortunate or not, he will be nore than or
| ess than whol e.

For involuntary risks, it may Se desirable froman equity standpoint to

restore the individual's utility level. In the absence of a mechanism for



transferring noney, one can in effect pronmote greater equity through in kind
redistribution, in particular by regulating the risk to a lower |evel.
Consider two alternative situations in which it is desired to ensure an
individual that he remain at his current expected utility level. In the
first, one can transfer noney and regulate the risk, and in the second no
such cash transfers are feasible. The generator of the risk will be a
Polluting firm and for Sinplicity there will be one party bearing the risk.
The firm produces its output g at a cost C(q) , where C C, and C
are all positive. Let v be the market price of the output. [In addition,

there is a unit cost Qz) to producing environmental quality z , where
G and G are positive. One night viewz as the level of safety so
that 1Mz is the risk. For concreteness, we will view z in probabilistic
terms as the probability that an individual suffers an injury. The analysis
can also be recast in terns of some non stochastic pollution level O sone
other externality.

I ndividual consunption x will provide utility U(x) if the
individual is healthy and u’(x) if he is not, where u*(x) > u}(x) ,
u' > u') and both U, and U), > 0. There is a probability z that the
healthy state 1 will prevail and a probability 1 z that the ill health
state 2 will prevail. Let U be the baseline expected utility level in
the absence of a risk, and for sinplicity subsune the role of all income
other than cash transfers as conpensation for the risk into the functional
forms of the utility functions. Then a given conmbination of risk Z and ex
ante conpensation y mekes the individual whole if

(N U° & zUM(y) # (1+2)U%(y) = 0O .
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In the first situation let the government’s role be to set up a

mechanismto control the risk level and to establish the |evel of

. 6 . . . . o
conpensat i on. The objective will be to establish a structure to maximze
the polluting firms profits subject to equation 1. In particular, it wll

Max W = vq # C(q) F qG(z) ¥ y + A[xUM(y) + (1k2)U3(y) & Uu°] ,
¥,2

leading to the first order conditions

an

(2) 0 = 57 = F1 + a[2U} + (1E2)U2] ,
and
(3) 0 = o= = BqG' + A[U P U2] .
The analysis for conpensation that makes the victim whole ex post rather
than ex ante is quite simlar, as the equity constraint is that
(1) U = U0 = U(y),
and the first order conditions are

(2') 0 = 2= = BT+ A[(1F2)U2] ,

and
W
9z

If there is no potential for cash transfers, equation 1 (or 1') is

(3') 0 = = BqQG' B AUZ .,

omtted, and one nmust promote equity concerns through risk regulation alone.
By sacrificing an additional policy instrument, this alternative will be
less efficient. The shadow price | on the equity constraint wll be
greater since the cost of promoting equality will have risen. In addition,
a lower level of y will raise the level of z that is needed to restore
the individual's utility. [Indeed, if the individual was originally at a no
risk position, the safety level z nust equal 1 to restore his utility

| evel
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In practice, the policy objective may be nore limted to perhaps
maxi mzing a weighted average of the firms profits and individual utility-
One can vary the value of | to trace out the set of such Pareto optim
equity schemes.

In general, however, the elinination of conpensation as a policy
instrument, as occurs when we shift fromvoluntary to involuntary risks, has
a twofold effect. First, it inposes an efficiency loss by taking us off the
efficient frontier of equitable policies. Permtting the transfer of cash
enables policies to be more efficient than if one must rely on risk

regul ation alone. Second, the increased reliance on risk regulation |eads

to higher values of safety z than would be optimal in the presence of

compensation. Risk regulation will be used as a formof redistribution. As

a result, there will be greater reliance on risk regulation as an equity

pronoting device for involuntary risks

Making the Victim Wole: Efficient Insurance

Wien providing ex post conpensation it will not typically be desirable
to fully restore the victims welfare. How large nmust a bequest to one's
famly be to give a victimof a fatal accident the same |evel of welfare as

he woul d have had if he had lived? No amount is sufficient. Moreover |,

consi derabl e compensation of this type will have only a small effect on the
i ndividual’s welfare.

A more meaningful basis for conceptualizing appropriate conpensation
level s is to ascertain how much conpensation the individual would choose to
provide for hinself if he were able to purchase insurance on an actuarially

fair basis.’” That conmpensation will not restore the pre-accident utility
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level but will instead equate the marginal utility of income in the two
health states.

Provi ding such conpensation by, for exanple, a workers’ conpensation
system poses little problemin the case of involuntary risks since the
actions of the individuals affected and the firmwll be unaffected. For
voluntary risks, government subsidized conmpensation will reduce the level of
ex ante conpensation that firns nust provide individuals who bear the risk.
Moreover , unless there is perfect nmerit rating, there will be a subsidy to
risky activities, leading to increases in the supply of voluntary risks.

There is consequently a greater role that can be played by a
penal ty/ conpensation schenme for involuntary risks. Because the opti nal
penalty will generally be larger than the efficient |evel of ex post
conpensation, it will be desirable to separate the role of incentives and
conpensation by, for exanple, giving some of the penalty to the commnity at
large that was exposed to the risk rather than giving all of the funds to

t he accident victins.

Making the Victim Wiole: Lifetime R sk

Al though the usual focus of equity concepts is on welfare or on incone,
here we will develop a different approach based on the |evel of the risk.
In Particular, how can we approach the task of making the individual whole
inrisk terns?

One objective mght be to restore the person to the no risk level after
a risk exposure. This concept would often be unworkable since a person

exposed to a positive risk cannot be exposed to sone negative risk in the

future except perhaps by reducing the risks of some other activities as well
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as that of the particular risk In question. Mre fundamentally, the
appropriate policy objective is not zero risk but the efficient risk level.
Here we will not delve into the issue of what particular policy objective
shoul d govern the determination of the optimal risk. It might be a

benefit cost test, or an objective of elinmnating all significant risks, or
some other formulation. What we will take as given is that the optinma

| evel of risk is not zero.

Consi der the dose response relationships in Figure 1. Suppose the
individual is exposed to an overly large risk AB over time, such as the
cancer risks fromradiation. At the tine the risk is discovered to be too
great, the risk is then regulated on an optimal basis thereafter, and the
i ndividual rmoves along BC . In contrast, if the risk had been at the
optimal |evel since the beginning, the dose over time would have followed
ADE .

In the case of inmediate risks, such as nost safety hazards, an
i ndividual who is not injured at point B will ‘have been exposed to greater
previous safety risks, but his future risk of injury will be the sane as if
he noved along the optimal path DE . For longer termrisks of a nore

cumul ative nature, such as lead concentration in the blood or exposure to

AIDS, optimal regulation along BC will lead to greater subsequent risk
than if the individual could be noved to DE. The same anount of

addi tional exposure will inmpose nore additional risk when risks are
curmul ative

In each instance, one could establish a rationale for reducing the risk
sufficiently to nove the individual fromthe dose path BC to DE . The

rationale for moving along DE is to get to the optimal lifetine risk path
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fromthe path that involved an inordinately high risk exposure. Even though
DC is optinmal on a prospective basis, it exposes the individual to too
great a lifetime risk, and in the case of cumulative hazards poses too great
a future risk as well

These concerns are likely to be nmore prominent for involuntary hazards
for two reasons. First, in the case of voluntary risks individuals choose
the dose so that it is not at all clear that society will wish to ensure
thema low lifetine risk. Although ABC nay not be optimal from a policy
standpoint, if the risk was truly voluntary then the individual received
conpensation for the risk, any arguments about an unfair lifetinme risk nust
be sonewhat nuted.

The second reason why involuntary risks are nore likely to be affected
is that risks that are involuntary often tend to be hidden hazards, such as
dimy understood carcinogenic risks. The risks thenmselves nmay have been
accepted voluntarily, but the level nay have been uncertain. It is this
hi dden nature that contributes to the risk’s involuntary nature, since in
t he absence of good information individuals cannot engage in an inforned
market transaction to bear the risk. Risks that are hidden or are not well
understood will tend to be discovered later, so that the AB segment wll
be longer. Consequently, for involuntary risks the gap between the current
lifetime dose and the optimal lifetime dose will tend to be greater than for

voluntary risks.
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V.  dobal Incentives and Regul atory Standards

In addition to considerations pertaining to benefit valuations and
equity concerns, one nust also take into account the structure of regulatory
policies. In this section we will address the global incentives problens
arising fromthe typical reliance on regulatory standards, and in Section 5
we will focus on inadequacies stemming from the character of the enforcenent

effort.

The Certainty Case

In the ideal situation one will obtain an efficient outcome if the firm
nmust pay for society’'s valuation of the risk. For sinplicity let s be the
constant valuation per unit of risk inposed. |In the case of an optimal risk
penalty schene, the firmwll pay a fine s for each unit of risk so that
the total penalty is the product of s , the level of output q , and the
level of the risk 1Lz . For voluntary risks, this penalty will, in effect,
be assessed by the market as s wll be the price of the risk that is, for
exanple, reflected in the wage prem unms workers receive for hazardous jobs

In such a situation the firnms profits are given by

(4) Max m_ = vq ¥ C(q) *# qG(z) * sq(1kz) ,
q,2

where the firmpicks q and z to satisfy
(5) C' = v & G(z) F s(1kz) ,
and
(6) G =s .
It is straightforward to replicate the risk |evels achievable under

penalties with a suitably designed standards program One sinply equates
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the marginal benefits of risk reduction, s, with the nmarginal costs, G
Optimal standards of this type produce the outcome under equation 6 through
direct control of the risk rather than through a change in the incentives
facing the firm Below we will denote this optimal risk level by z*, .

Even though the risk level achieved is the same as under a penalty
system the global incentives are quite different. In particular, with
standards the firms profits are given by

(7)  Max p, = vq ¥ C(q) * qG(z¥*) ,
q
where the firm picks q so that

(8) C*' = v M G(z¥) .

Two observations are noteworthy. First, the firmreaps nore profits
under the standards system given by equation 7 than it does under the
penalty schene reflected in equation 4. A firm facing regulatory standards
receives all of the pollution up to the level of the standard free. As a
consequence, even though standards can be used to set efficient |oca
incentives for controlling risk, the global incentives will not be
efficient. There will be too much entry into risky industries with
standards that equate the marginal benefits and marginal costs of risk
reduction.

A second difficulty is that the level of output selected under
standards will be too great. The optimal output with penalties satisfies
equation 5, which includes a terms(l z) that captures the effect of
additional output on the level of the risk. There is no such termin
equation 8, leading to a higher level of output.

If the regulatory node nust be standards, then follow ng the

conventional guidelines of equating narginal benefits and marginal costs
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will lead to too much entry and too high a level of output in the risky
industry. Setting the standard at a nore stringent |evel than the usua
norm for efficiency will alleviate each of these problens. H gher |evels of
safety z wll raise the costs @z) , reducing the incentives to enter the
industry. Simlarly, this higher value will reduce the output |eve

sel ected.

No standard can replicate the outcone of an optimal penalty schene wth
respect to the global incentives for entry, the incentives for picking the
output level, and the level of the risk. By overregulating the risk we
sacrifice some efficiency with regard to the final objective in an effort to
foster the first two objectives. These concerns have been generally ignored

in discussions of regulatory standards.

The Uncertainty Case

Because standards set at the “marginal benefits equal marginal costs"
norm do not force firms to take into account the full economc effects of
their actions, there will also be a tendency for firms to incur too nmany
risks under a conventional standard setting schene. Consider a two period
nmodel, where we will index each of the earlier variables by the appropriate
tine period subscript i , wherei=l, 2. Let bbe the discount factor,
or the inverse of one plus the interest rate. Suppose that in the initia
period the firms technology is believed to be risk free so that there are
no risk control costs, but there is a chance p that the firnis em ssions
will be found to pose a nonzero risk z, per unit output that the firm can

reduce through appropriate expenditures.
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Under a penalty system the firms profits over the two periods are
given by

Max 7 = [(vq, » C(q,)](1 + B(1&p)] +
q,
Bp Max [vag, ¥ C(q,) ¥ q,G(z,) ¥ sq,(1*z,)] .
QZ’zz

Under a standards system that establishes the same optimal level of =z%
that would be selected with penalties, the firms problemis to

(9) Max m_ = [vq, * C(q,)][1 + B(1kp)] +
q,

8p Max [vq, ¥ C(q,) P q,G(z$)] .
q.

For much the sane reason as above for the certainty case, pp Wil
exceed p, . Wen a firmis conparing technologies with different risks of
being di scovered as being harnful, it will have too great an incentive to
pursue a technology that poses a risk of being found to be harnful in the
future. The firm is being given a future subsidy of sq¥(1kz¥) with
respect to such technologies, where q% is the optinal value of q, in
equation 9.

There is a discounted expected subsidy in the initial period of
Bpsq¥(1#z¥%¥) . The bias toward the choice of risky technol ogies increases
with the level of the discount factor, the probability that the firnis
actions will be found to be harnful, the severity s of the harm the scale
of the output, and the unit probability tht the harm occurs (e.g., the
worker injury rate per unit output).

In terns of the financial incentives created, standards that are set
based on the usual norms will lead to a series of biases that all pronote
the selection of technol ogies that pose potentially major risks. These

bi ases can be dinminished by setting the standard at an excessively stringent
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level . Such conprom ses are not required for penalties policies or for
fully voluntary risks because the global incentives are not distorted in

t hose cases.

V.  Enforcement Related Concerns

As was noted in Section 3, risks that are difficult to monitor tend to
fall into the involuntary class because in the absence of know edge of the
ri sk one cannot undertake the market transactions that convert risks into
being voluntary in nature. These hidden risks inmpede not only market
processes but enforcenent of governnment regulations as well. In the case of
job risks, safety hazards can be identified fairly readily by an CSHA
i mepector, whereas nonitoring of health risks is a very time consum ng
process. Typical safety inspections of a diverse set of potential safety
ri sks average 10 hours per inspection, whereas the much more narrowy
focused health inspections average 33 hours.8 Simlarly, in the
environmental area, nonitoring of toxic wastes is very spotty, in large part
because the pollution is nuch more clandestine than, for exanple, enissions
from a snokestack. Conpliance rates for hazardous and toxic substance
regul ations are only 20 percent, largely because of these nonitoring
problems.9

The | ow probability of detection of involuntary risks could be offset
by meking the penalty for violations sufficiently large. Doing so in
situations where the probability of discovery is low would lead to very
substantial penalties that mght appear unfair and would not be optiml if

firms were risk average. At present, penalty schemes are not boosted in
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situations where the detection probability is low In the absence of such
variation, one can augment the incentives for controlling risks by making
the standard nore stringent. Doing so will increase the probability of
detecting a violation and raise the extent of the violations, thus boosting
the overall penalty.

A final consideration is that such overregulation of involuntary risks
may be warranted to the extent that society w shes to punish wongdoers.
Ideally, we would like to encourage a system of involuntary restraint.

I ndeed, nmuch of our social system ranging from the enforcement of incone
tax requirements to autonobile driving practices, is based on the assunption
that individuals will exercise restraint voluntarily. [Increases in the
stringency of the regulation consequently may be warranted to the extent

that the failure to control the risk voluntarily poses a |oss on society

above and beyond the expected health effects.

VI.  Concl usi on

The conclusion that involuntary risks should be regulated nore
stringently is not surprising. Such notions have often been suggested, but
never fully articulated.

Wiat is striking is the diversity of concerns that support this
distinction. Involuntary risks are likely to be borne by a different mx of
individuals with higher valuations of health and |ess well equipped to
handl e the risks, and these risks are nmore likely to be valued highly in
their own right. Equity concerns, particularly our concept of a fair

lifetime risk, are also nore likely to cone to bear. Because government
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regul ations rely on standards rather than penalties and because these
standards are not fully enforced, there are additional reasons to tighten
regul ations for involuntary risks

In terms of policy practice, such distinctions have only been
recogni zed informally, at best. There is often greater public pressure for
regul ation of involuntary risks. These efforts primarily influence the
regul atory targets. The regulatory agencies’ standard setting process has
not, however, incorporated recognition of the degree of volition regarding
the bearing of the risk. Rather than being a second order concern, this
distinction may be mpst fundanental in determning whether a risk should be

regulated and to what extent.
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Foot not es
1I\/bst di scussions of the properties of transactions for risks or other
externalities nmake at least inplicit use of the Coase Theorem See Coase
(1960)..

2A simlar distinction was enployed originally by Mshan (1971) who
does not delve into the class of issues considered in this paper.

3This discussion and the enmpirical evidence contained therein is based
on Chapter 6 of Viscusi (1983). See Fischhoff et al. for a review of the
underlying evidence on risk perception.

4The estimates of the heterogeneity of the value of life presented in
Viscusi (1983) are also consistent with evidence for sanples concentrating
on particular risk ranges, such as Thaler and Rosen's (1976) results for
workers in high risk jobs and Viscusi's earlier analysis of workers in nore
moderate risk jobs.

Scal abr esi (1970) provides a full discussion of these concepts

6AIthough the firms choice of the output level will be treated as
given, alternatively one can view it as being deternmined by a reaction
function whereby the firmpicks q to maximze profits given the |evel of
y and z . By the envelope theorem we can ignore all derivatives of (g
with respect to the policy choice variables in the analysis bel ow

"Thi s approach and the general result that one should equate the
marginal utility across health states, is incorporated in the nodels of Cook
and G aham (1977), Spence (1977), and Viscusi (1979, 1980).

8These figures are for FY 1983 and are based on unpublished OSHA

printouts.
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Ysee w Kip Viscusi, Richard Zeckhauser, and Peter Schuck, “Procedures

for Setting Optimal Penalties for Environmental Regulation,” Report to the

U.S. Environnmental Agency (1986) Chapter 3.
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